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NITRALLOY 
Prices 


Substantially Reduced 


IG production has cut our costs on 

Nitralloy. A new, low price on 
this amazing metal opens even greater 
uses and vaster possibilities. Now, 
many manufacturers who have appre- 
ciated the distinctive advantages of 
Nitralloy, can use it in their products. 





For resistance to the constant, steady 
grind of metal to metal wear - - - wher- 
ever there is need for extreme surface 
hardness - - > there is no metal you 
can use so successfully as Nitralloy. 


A surface hardness equivalent to 
1100 to 1200 Brinell is possible with 
Nitralloy. The process of hardening 
by nitrogen—a simple one—is done 
after the part is completed. The 
depth of the case is determined by 
the length of time nitrogen is used. 


Hundreds of objects are made better 


—much more enduring by Nitralloy. 
Shackle bolts, steering worms and 


gears, pump shafts, worm drives, 
king pins—etc. 
Our expert metallurgical staff will be 


glad to discuss your requirements. I[n- 
vestigate the new low prices. 


CENTRAL ALLOY STEEL CORPORATION 
Massillon and Canton, Ohio 


WORLD'S LARGEST AND MOST HIGH LY 
SPECIALIZED ALLOY STEEL PRODUCERS 


————<—<$———— 
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A STUDY ON THE CONSTITUTION OF HICH 
MANGANESE STEELS 


By V. N. KrivopoKk 


Abstract 








The contents of this paper, as the ttle mndicates, 
deal with the constituents of austenitic manganese steel 
Hadfield steel) under different conditions of treatment. 
It is shown that cold working of this steel, followed 
by heating to certain temperatures, brings about the de- 







composition of original austenite. Certain properties of 
steel, for instance hardness, are changed. The theory 
of decomposition is outlined and the suggestion is ad- 
vanced that an allotropie transformation takes place. 
Tie formation of carbide constituent, as influenced by 
old working and heating is explained. 

A theory ot the ‘*martenization’’ is discussed mn 
detail, advancing the idea that the term ‘*martensite’’ 
as applied to special steels should be used with dis- 
crimination. The occurrence of martensitic needles in 
manganese austenite is studied and the evidence con- 
cerning iis constituents is presented. A theoretical dis- 
cussion concerning the martensite-like formations is of- 


fered. 















PREFACE 





A* a part of the investigation of the influence of cold working 
4% and subsequent heating on the structure and properties of 
pure metals and iron alloys, a study of so-called ‘‘ Hadfield man- 





\ paper presented before the tenth annual convention of the society 


he Philadelphia, October 8 to 12, 1928. The author, Dr. V. N. 
Ky VoObOK, a member of the society, is associate professor of metallurgy 
: ; egie Institute of Technology, Pittsburgh. Manuscript received 
2 UL\ ; 192 
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This 


1.50 per cent carbon and from 12 to lo per cent mane 


vanese steel’? was undertaken. steel contains 





markedly hardened by cold working. Indeed, the auth: 
that the hardness of manganese steel can be made about ¥ 
if the cold working is sufficiently drastic. In the co 
present investigation it was found that the heating ot 
samples produces further increase in hardness. The p: 
then subdivided into the following separate investigatio) 





Cold working by dvnamie forces: 


a. Effect of time of heating on hardness of ste 





work and temperature being constant 







b. Kffect of temperature of heating on hardness 3 
of cold work and time at temperature being const 


Cold 





working by static forces: 














a) and (b) similar to above. 

























Changes in the constituents of steel after cold workit go 
t. Theoretical coneeptions based on the results of 
5. Some thoughts on the subject of hard constituents 5 s 


tensite 
Investigations 1 and 2 inelude the study of so many vari; 
that the complete STOr is not vel known. It seemed advisable t 
confine this paper to the change in the constituents in austenit 
manganese steel and the probable reason for such changes. 

The THladfield manganese steel belongs to the class of auste 
steels and is characterized metallographically by a structure | 
austenitic polyhedral graims.' ‘** As cast’? the steel almost always 
shows the presence of carbide particles, invariably found at th: 
grain boundaries. By heating this steel to a suitable temperatur 
the carbides are dissolved in the austenitic matrix. Quenching 1 
steel from a high temperature retains carbides in solution and, as : 
consequence, we obtain a structure of polyhedral austenitic grams 
similar in appearance to the structure of pure metals. 

The presence of austenite at room temperature is explained 01 
the ground that the high percentage of carbon and manganese has 
altogether prevented the allotropic changes normally oceurrine 
in ordinary steels on cooling. This steel, consequently, represents 


a condition of metastable equilibrium, the necessary condition 





'1The selection of Hadfield manganese steel for this investigation was pt! ‘ 
that information concerning this steel is rather limited It is hoped that 
will add t ir knowledg f manganese steel 
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‘complete absence of phase, or phases of greater stability. 





changes should be expected to take place whenever the 
conditions tavor the tendeney for more stable constituents. 


rking with subsequent heating was found to be a powerful 





avoring this tendeney. For example, when a sample of 







a steel is eold-worked and then immediately heated to a 
temperature, say JOO to L000 degrees Fahr., held at that 








rature for some time and quenched in water, certain of its 


erties change very noticeably. It will be found that the 





mole has become magnetic after this treatment. Certain 





vsical properties, such as hardness, indicate a distinct departure 


om the ordinary values. Futhermore, the structure of the sample 






sno longer made up of uniform polyhedral, austenitic grains, but 


\ 


shows the presence of new constituents. Kie. 1. These eon 





stituents have a marked tendeney to be arranged in an orderly 


shion. revealing. as it were. the orientation of each grain. These 





constituents may also be found at the grain boundaries. 


These preliminary observations were held deserving of more 


h and complete investigation,* the results and discussion 






norou 


which are herein presented. 


KXPERIMENTAL OBSERVATIONS 








After the work had been carried on for about six months it 






as observed that the results obtained depended on several vari 
es and that utmost care 1s necessary in order to cheek up on the 
recorded observations. For instance, it was noted that different 


,)° 


rs of Hadheld steel furnished to the author required different 







of preheating before quenching in order to render the steel 
thoroughly austenitic. The temperature of quenching was also 


; 


factor, 






The influence of the variation in the chemical composi 


trom one end of the bar to the other might conceivably be 





tion 





tor, although it has never been observed by the author. Con- 













\ ng to A. C. D. Rivett, “. . . . such cases are to be distinguishec from those of 
ent equilibrium where conditions of temperature are such that the rate of chang 
to stable form is infinitesimal in the presence of the latter.”” ‘‘The Phase Rule,” 

















inganese steel is non-magnetic. Howe describes the ap} 


earance of magnetism 
Metaliography of Steel and Cast Iron,”’ 


page 468, 






thor was engaged in this work an elaborate paper by O. E, Harder and R. L. 
» decomposition of austenite was published. Transactions, Amet 


an society 
ng, Vols. XI and XII. Their work survevs the whole field of austenitic steels, 


paper gives more detailed account of the process f decompositi f 
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Fig. 1—Photomicrograph of Hadfield Manganese Steel After Being 
to 1000 Degrees Fahr Held at That Temperature and Quenched in Wate! 
Acid. x 200. Fig. 2—Photomicrograph Showing Numerous Slip Lines After 
Unetched. Cold Worked After Polishing. 400 Fig. 3—Photomic 
Characteristic Structure of Sample Heated to 600 Degrees Fahr. For 6 
Certain Amount of Cold Working. Etched Nitric Acid. 3000. Fig. 4 
of Sample After Cold Working and Heating to 500 Degrees Fahr. f 
Sodium Picrate. x 250. 
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. ‘ly. the bars of manganese steel were sawed up into samples 
41x the same size, 1 by 1 by '4. inch, the bars having been 
vusly heated to 1800 degrees Fahr., held for some time, and 
hed in ice brine. The samples were numbered in consecutive 

«der, Care was taken to study the face of the sample; for in- 

stance, No. 11, which was adjacent to the face of sample No. 12, 

voce two faces being divided only by a saw cut. Cutting was 

one winder water to prevent excessive heating of samples. The 
samples were always experimented with in pairs; if sample No. 

1] was cold-worked and then heat treated, it was accompanied by 

sample No. 12, whieh received the same heat treatment in the 

came furnace, but without cold work. In this way it was possible 

» discriminate between the influence of heat treatment alone and 

eat treatment plus previous eold working. 

In the austenitic structure of any sample after cold working 
ve find numerous slip lines (Fig. 2) so much discussed’ and so 
‘en described. When repolished these lines disappear, as 1s 
vell known, and subsequent etching fails to disclose their presence, 
except in a very slight degree. If, however, the cold-worked 
sample is subjected to subsequent heating, the slip lines are in- 
deed pronounced (after repolishing and re-etching). Both time 
and temperature, as should be expected, are instrumental in mak- 
ng slip lines prominent to a greater or lesser degree. Heating 
the cold-worked samples at 800 degrees Fahr. for 1 hour is quite 
's effective as heating at 600 degrees for 6 hours, both resulting 
n the evident decomposition of the material at the slip planes. 
In Fig. 3 is shown the characteristic (average) structure of the 
sample heated to 600 degrees Fahr. for 6 hours after a certain 
amount of cold working. Another photograph, Fig. 4, shows a 
sample after eold working, and heating to 500 degrees Fahr. for 
‘S hours. The slip lines are quite different from those shown in 
Fig. 2 and are characterized by a distinct ‘‘width’’, which 1s 
vidently due to some process of readjustment in the metastable 
phase. In certain places on the same sample the presence of sepa- 
rate new constituents in the form of rather minute particles is 
noted. It is of interest to observe the change in the orientation of 
les, conforming to the direction of the lines of distortion, as 


be seen in the upper part of Fig. 5. The same photograph 


Ortic 
prall it 






M. Howe, “The Metallography of Steel and Cast Iron,” pages 460 $78, 1916 
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Fig. 5- 
to the Direction of the Lines of Distortion. This Also Shows Wide 
Nitric Acid. x 3000. Fig. 6—Photomicrograph of a Sample Heated 
for 6 Hours. The Structure Shows the Presence of a Larger Number 
Width of the Slip Lines is Diminished. Etched Nitric Acid. 
graph of Sample With 10 Foot Pounds of Cold Work Upon Reheating 
for 1 Hour and Cooling in the Air. Etched Nitric Acid. 2000. Fig 
Showing the Elongated Shape Assumed by the Particles. Etched Nitric 


-Photomicrograph Showing the Change in the Orientation 


S000 
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large number of wide shp lines. It might be thought that 
idth’’ of the slip lines is due merely to an agglomeration of 
number of minute particles ;° however, if a sample similarly 
rked is heated to 700 degrees Fahr. for 6 hours, its strue- 
hows the presence of a much larger number of ‘‘particles’’, 
the ‘‘width’’ of the slip lines is visibly diminished. Fig. 6. 
+, work has been done on numerous samples and the general 
onelusion is that, under similar conditions of cold work, the heat- 
ne of the samples up to 600 degrees Fahr. for various durations 
time (from 1 to 48 hours) produces a widening of the slip 
ines with a very limited formation of the separate constituents 
«o far deseribed as ‘‘ particles’’. 

As soon as the temperature of heating is raised, however, 
the number of separate particles is much greater. For instance, 
a sample with 10 foot pounds of cold work upon reheating to 850 
degrees Fahr. for 1 hour and cooling in the air shows the ap- 
pearance of small, mostly round, particles, with decidedly orderly 
rrangement. Fig. 7. The faint traces of the lines of distortion, 
iue to cold working, can also be observed, proving the dependence 
of the particles’ position (orientation) upon the lines of distortion. 
The use of high power photomicrography fails to reveal the true 
nature of the particles, indicating that their structure must be, 
ndeed, very fine. 

In certain places on the same sample the particles assumed an 
elongated shape. Fig. 8. Because one can also see a number of 
solated particles, it can be supposed that by joining together the 
particles form a larger one, elongated in shape. To the left of a 
large particle can be seen a spot of a mottled appearance: it is 
not a defect in the preparation of the sample, but merely one of 


the fin 


rst stages in the decomposition of the austenitic matrix along 
the lines of distortion. 


The next sample received 10 foot pounds work and was 
heated at 950 degrees Fahr. for 1 hour. The formation of a 
much larger amount of the new constituent is easily observed. 
| of the new constituent has made much 
in some places the whole of a grain is oceupied by an 
Most continuous pattern of particles, revealing the orientation 


| 
QO] 


Che ‘‘joininge togvether’’ 


yy? ( *s . 
HrOLTeSS : 


grams, Fig. 9, while some of these particles are located at grain 


Iten mentioned, due to recrystallization, 
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Fig. 9-——Photomicrograph Showing the Progress Made in the ‘‘Joinin 
the New Constituent. Etched Nitrie Acid. 7 400. Fig. 10—Photomicr 
How Some of the Particles are Located at Grain Boundaries. Etched Nitri 
Fig. 11—Photomicrograph Showing Some Grains to Have the Regular Patter 
Precipitated Particles, While Others are Free From Their Presence. Etched 
400. Fig. 12—Photomicrograph of a Sample Which Received 10 Foot P 
Hour at 1000 Degrees Fahr. Etched Nitric Acid. x 200 
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ries. Fig. 10. Still the inner structure of the new constitu- 
; apparently so fine that the high power photomicrography 
fails to disclose its nature. 
it has been mentioned that cold working was applied by 
namic stresses. Consequently, the degree of distortion gradu- 
il diminishes as the physical center of the sample is approached. 
When an examination of the cross-section of the sample is made, 
e new constituent is distributed very unevenly. At or near the 
ter of the sample some grains show the regular pattern of newly 
yrecipitated particles, while others are entirely free from their 
presence. Fig. 11. This strongly suggests that a certain critical 
strain is necessary in order to produce under given conditions of 
temperature and time the decomposition of the original matrix 
vith subsequent formation of a new constituent.’ This is rather 
initely substantiated by the examination of the samples without 
«old working. reference to which has been made. The unworked 
samples show the presence of isolated, individual particles, but 
the number of such particles is negligibly small and they have a 
random distribution. 











CHANGES OCCURRING ON HEATING TO HIGHER TEMPERATURES 








At a higher temperature the structure of the original austen- 

develops further changes. The new constituent grows decidedly 
larger in size, although preserving its orderly arrangement. The 
new constituents at the grain boundaries have grown larger, too, 
and on the whole the new constituents occupy just as large an area 
as the remaining austenite. Fig. 12 shows the structure of a 
sample which received 10 foot pounds and 1 hour at 1000 degrees 
ahr. In this sample the structure of the new constituent can be 
resolved. Even the moderate magnification employed reveals the 
troostito-sorbitic nature of these new formations, while higher 
magnification reveals it quite plainly. Fig. 13. <A careful study 
proves that troostitic formations have started and gradually de- 


eloped from the originally deposited ‘‘particles.’’ In Fig. 14 we 
e a troostitic formation growing from the ends of particles 


nd spreading in all directions. 


\ 


(yt) r’\ 
\f \ 


Fig, 15 shows a great abundance 







was made to study quantitively the amount of cold work, in relation to 
necessary to produce the formation of new constituent. This study 
to the increase in hardness. ‘hese results are not 


ind time, is 


included in this paper. 
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Fig. 13—Photomicrograph Showing the 'Troostito-Sorbitic Nature of the New Formations 
Same as Sample in Photograph 12. Etched Nitric Acid. > 3000. Fig. 14—Photomicrogray 
Showing a Troostitic Formation Growing From the Ends of Particles and Spreading i 
Directions. Same as Sample in Photograph 12. Etched Nitric Acid. x 3000. 


of particles in a perfectly orderly arrangement, with several troos 


titic grains in the process of growing and, at least one, fully de 
veloped. 


The process of decomposition once having started may be 
expected to proceed until a certain structurally stable constituent 
is formed. Troostite and sorbite have always been regarded as an 
intermediate form in the process of decomposition of a solid solu- 
tion into a mechanical mixture. The ultimate constituent 1s 
recognized as pearlite, or, under certain rather unusual ecirewn- 
stances, completely separated ferrite and iron-carbon compound 
(cementite). Consequently, it may be expected that under favor- 
able conditions, pearlite should be formed. That this expectation 
is correct is clearly shown in Fig. 16, in which pearlitic forma 
tions are easily recognized. 
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und 
Vor- 


; hee - Phi tomicrograph Showing An Abundance of Particles in g Perfectly Orderly 
tion Also Several Troostitic Grains in the Process of 

‘ 10} Etched Nitric Acid. xX 4100. 
"Wd 


Growing and One Fully 
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Fig. 16—Photomicrograp'!: Showing Pearlitic Formations Produced frot 
position of Troostite and Sorbite. Etched Nitric Acid. X 2500. 


In the course of this study it soon became evident that 
structure of what was previously termed ‘‘particles’’ is 
closely related to the structure of troostite. In faet, it 


missible to regard the particles as very small troostitic formations 
which are not fully developed. By ‘‘not fully developed’ is meat 













is per 
nations 


; meant 








HIGH MANGANESE 





STEELS 905 







vhile their structure is even finer than the structure of troos- 
vet there is no essential difference in their structural char- 
istics. The author arrived at this conclusion after most eare- 
and painstaking study of the involved structure. The action 
“erent chemical reagents was resorted to and both constituents 


eeacted in a like manner. In Fig. 17 is recorded the process of 






omposition of strained austenite, seemingly, as it has taken 
place. A number of particles (very small troostitic grains) are 
bserved, formed in the directions of maximum strain. These 
small grains it must be remembered are the results of the decom- 


position at the beginning of the process. Decomposition once 








started, proceeds around them, spreads in every direction, invades 
the portions which are less strained, giving the impression that 
the small troostitic grains grow into larger ones. Parallel with 
the growth of the troostitic grains the separation of two phases, 
ferrite and cementite, goes on, which is, of course, the process 


through which pearlite is formed. The process of separation and 







the theoretical reasons for it will be discussed later. 

It has been repeatedly mentioned throughout this paper that 
cold working is one of the controlling factors in the decomposition 
of manganese steels. So far no direct comparison between strained 
and unstrained samples has been offered. 









It might be timely to do 
so now, since we are familiar with the process of foreed decomposi- 
tion. 

The following precautions were employed. The faces of two 
samples, for instance A and B, were separated only by a saw eut. 
both were put face to face, bound with wire and heated to 1200 
degrees Fahr. for 2 hours, with sample A having received 30 foot 
pounds and sample B none. The structures of both samples are 
shown side by side in Figs. 18 (sample A) and 19 (sample B). 
The difference is indeed quite striking. 








Attention should be paid 
io formation of troostite at the grain boundaries of Sample B. 
Decomposition of the unstrained sample and the tendency for 
precipitation of new phases separating from the solid solution is 
confined to the grain boundaries.’ This could not be a question of 
‘hemical heterogeneity, since the austenitic grains do not cor- 
respond to the original dendritic formations. 








\ccording to Zay Jeffries, this cbservation is quite general. 
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Photomic QI iph Showing the Process of Decomposition ot st 


it Has Taken Place Etched Nitric Acid 


2500. 


DisToRTION FoLLOWED BY HEATING TO TEMPERATURE HIGHER 
THAN 1200 Decrees Fane. 


It will be remembered from the previous discussion that the 


formation of troostite and semideveloped pearlite takes plac 
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graph or Sample Heated 
Pounds. Etched Sodium 
to 1200 Degrees Fahr. 
40) 


Ipon heating up to 1200 degrees Fahr. When the temperature IS 
raised further changes in the structure of the steel occur. <A strik 
and quite sudden change is noticed when the temperature of 
heating approaches 1400 degrees Fahr. At this temperature 
iustenite is still the main constituent, troostite and pearlite have 
lisappeared, while a seemingly new constituent is observed. The 
ew constituent remains snow white upon etching with nitric acid, 
it turns black when etched with hot alkaline sodium picrate. The 
tion of these and other reagents, together with its extreme hard 
ess, permits the identification of these inclusions as iron-man 
nese carbides, very likely of complicated nature.® Certain 


istenitie grains have more earbides than others, yet all carbides 


those at the grain boundaries maintain an orderly arrange 


of 
er 


v, 20.1° Indeed, in some places particles are arranged 


narkably orderly fashion, each carbide being quite small in 


Inpt Was made to analyze these carbides 
d is not the best etching reagent, because of its tendency to pit the 

g¢ etching required to bring out the difference between the ma 
is found to be a much more effective reagent 


austenitic 


and earbides 
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size and often round in form. Fig. 21. In some other places t] 
carbides seem to have joined together, formine an alm 
tinuous pattern of straight lines, or large agglomerations o| 


eate form. Fig. 22.2 


—2 fw ome 


The last three Figs. 20, 21 and 22, are taken from sa) 







nples 
which were heated after cold working to 1400 degrees Fahr. an 
held for 7 hours, quenched in ice brine.’” 

If a sample is heated to 1400 degrees Fahr. without cold wor 


ing, similar carbides are formed at the grain boundaries, while » 





few are found in isolated patches, dispersed throughout {I 





austenitic matrix, but without any tendency for orderly arrang 
ment. Fig. 23. Their external form is often complicated and 


crystalline in character. Fig. 24. They convey the impression 







that they are deposited along crystalline planes much in the sam 
manner as the constituents in the Widmanstatten structure of east 
alloys. The grain boundaries are partly continuous, partly made 


up of isolated carbides. Fig. 25. While the amount of cold work 




















and the length of heating time control the amount of decomposed 
austenite, the temperature is the main factor in determining th 
nature of the final constituent." 

From the experimental data which have been presented 
is safe to conelude that the internal strain occurring along crystal 
lographic planes in the austenitie constituent is a determining fac 
tor in the formation of the new structure. T[lowever, the structur 
with predetermined orientation visible in the strained austenit 
at high temperatures is not a proof that straining as such is pre 
served at these temperatures. It merely indicates that straining 
was initially sufficient to start the separation of new structures. 
The process of separation, once started, proceeds so far as the con 
ditions such as temperature, solubility, ete., will permit. 

By quenching the samples from the temperature to which the) 
were heated the constituents of the steel at that particular tem 
perature were in the main preserved down to room temperature. 
The available information in regard to the atomic structure oi! 
strained metal is indeed limited and it would be in vain to specu 











ff, M. Howe observed similar structure. Jbid, page 470. 


“Heating fer a shorter time (1 to 2 hours) results in the appearanc 
constituents, but of size too small to permit efficient photographing. 











138[Tnless the time of heating is unduly long: heating to 1200 degrees Faht 
hours results in the formation of some carbides, very minute in size, the ste 
nonmagnetic. 
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heating of 


a) Iladfield manganese steel austenite is readily dee 

b Below 1400 degrees Fahr. it partly decomposes inte 
(carbide and alpha iron 
tures are, therefore, 
i Above 


without any alpha iron formation 


Any process of decomposition implies the appearance of 
constituent. 


equilibrium 


im’ 


phase. 


TRANS 


1400 


Krom the phy sical-chemical point of view the 


phase 


On 





{CTIONS 








tion of strained metastable phases. 


degrees 


under 


manganese austenite to different 


heating above 


OF THE 


Kahr. it 


these 


Bean Wee 


late in terms of atomie forces as to the actual process of dk 







We have, however. 


evidence to justify the following summary : 


The constituents at 


The constituents, ther 
are carbide plus undecomposed austenite. 


ance of a new constituent is the creation of a new phase. 
the system as a whole may maintain its metastable character, th: 


new phase which appears through a change in external conditioy 


conditions. 


1400 devrees 


is the separating phase and, consequently, is an equilibrium 
stituent. 


decomposes into 


these ten 


troostite and original austenite. 


ear] 


retor 


rye 
+? h 


Altho 


Strainine 


temperatures Creat 
the external conditions favorable for the separation of an 


“equil 
Kahr. eementil 


‘ ? 
(*( 


The unstrained austenite is another equilibrium constituent 


lladfield manganese steel contains about 1 


which makes it a hypereutectoid steel. 


and would remain as such, regardless of the time of heating. 

per cent carbo 
Apparently, its process 0 
decomposition is identical with that of plain earbon steels, as long 
as the temperature is above 1400 degrees Fahr. 


On heating below 1400 degrees Fahr. the phases that separat 


a 


troostitiec 


that are new 


erowths. 


are cementite and alpha iron in the for 


Obviously 


they 


eannot be considered, however, as an equilibrium phase. 
its presence to the short time allowed for the decomposition. 


long heating would have decomposed it all. 


are equilibrium = phases. 
There is also some residual austenite present, but this austemit 


It owes 


Now, we observe that the decomposition of austentic manga 


In manganese steels traces of eXCeSS earbide accompany ng 


nese steels at temperatures below 1400 degrees Fahr. does not fol 
low the regular process characteristic of hypereutectoid steels. h 


the latter, no pearlite is formed until the exeess carbide is expelled 


as0 
peal 
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This might be explained on the ground that in ** pear- 
stenitic steels there is only one constituent, structurally, 
ise not chemically, identical with one of the constituents 
fe in carbon steels, namely, carbide (cementite). The 
nstituent is not ferrite (second pearlitic constituent), but 
ition of double earbide M.Fe.C.N.Mn.C 


and, possibly, 
se in ferrite. Such a solid solution must be either stable 


stable at the temperature at which it was formed. In any 


iron must be in the gamma state with high solubility for 


s and the samples should be nonmagnetic. llowever, such 


the case: samples with troostito-pearlitic formations are 
ly magnetic. Another explanation, given below, is_ in 
r accord with the experimental data. 
When a solid solution decomposes the new phases tend to 
erate. The agglomeration of any one phase necessarily im 
s the diffusion of this phase through the remaining solid solu 
Diffusion is controlled by solubility. In case of long heating 
the temperature at which manganese pearlite is formed, the 
lency for carbides to separate out and agglomerate may be very 
ndeed. The existence of manganese pearlite, however, in- 
ites that complete agevlomeration is checked by limited solubil 
The solubility may be so low that diffusion, and, consequently, 
velomeration, proceeds very slowly. The carbidic platelets (in 
have collected all they can from the surround 
material and, but for the intervening solid 
n each other. 


nganese pearlite 


solution, would 
This also explains the increase in the size of 


formations, rather than the growth of constituent car 


lleating to above 1400 degrees Fahr. obviously changes the 


ity, which is so increased that ready diffusion is possible, 


mitting a complete agglomeration of a separated phase. As 
time of heating of the sample is prolonged, the carbides them 
‘ grow in size; carbides which might have come out of solution 
eWhat later join the already existing carbides, thus producing 
e agglomeration. 


ry] 
piel 


In order to obtain further experimental evidence in support 


manga s explanation, two samples were suitably treated at 1400 


not Tol 


als 1) \ . n reports the existence of solid solution between iron and 
. t “Heterogeneity f Fe-Mn Alloys,”’ Tech 


] i \ ne ad ‘ 1] ~ r} . Ov7 
«pelled. lining and Metallurgical Enginecrs, 1927. 


manganese it 


vical Publication No, 14, American 
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degrees Fahr., to produce agglomerated carbides, and q 


ice brine. 


structure, sho 


to 1200 degrees Fahr. for 4 


shown in Fi 
around 
the 


Another sam] 


carbides 


slow ly cooled. 


slow furnace 


separation of carbides proceeded in a normal way. 





the carbides, 
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Their structure was identical with the alread 


wn in Figs. 21 and 22. One of tl 
hours and quenched 

gy, 26. Troostitic formations are 
indicating that by partial 
surrounding matrix was rendered 


¢pr7 


le, Fig. 27, 


It is also full of troostite, show 
all the 


cooling through range of 





was heated to 1400 degrees Fahr. 


Bi 


Wit hdrawa] 
still 


ing that with 
temperature, 


With the { 


le) Was reheat 
° Its ST ‘T ire 
present most 


less STabls 


+ 
} 


of temperature solubility decreased suddenly, the small earbid 


particles lost their chance to collect together and troostite resulte: 





The same reasoning applies to a sample of austenitic manga 


nese steel which has not received any eold work. 


shown the 


quenching from 1400 degrees Fahr. in ice brine. 


presence of 


large, but isolated 


Car 


In 


bides, 


Mie, 24 


formed 


Slow cooling ( 


\ 


a similar sample from 1400 degrees Fahr. produces distinet troos 


titic formations, supplementing the intricately shaped earbi 


Kig, 2s, 


The difference in solubility might be explained on the ground 
that the iron in the solid solution undergoes an allotropie tri 
formation in the vicinity of 1400 degrees Fahr.'° 


tia 


samples for magnetism fully substantiates this idea. 


Alpha iron is a magnetie form of iron. 


austenitic 


pearance ot 


vestigate extensively the magnetic properties of eold-worked and 


heat treated 


Inagnetism. 


after quenching from different temperatures. 


summarized 


nonmagnetic : 


netic, immed 


heating to different temperatures for different lengths of time the) 


become magnetic to various degrees, provided the temperature 0! 


heatine does 


manganese 


be 
author 


should manit 


The 


steels 


magnetism. has not 


but all of 


manganese steels, 


r 


as follows: 


them 


Its appearance 
‘sted the 


able tO 


by 


been 


were tested 


The results ean be 


] 


Les 


i] 


The testing « 


\ 


a} 


? 


try 
0) 
LUI 


The magnetic tests were all made on the cold samples 


austenitic samples after quenching ar 


they are either nonmagnetic, or very slightly mag 


iately after cold working; after 


not exceed 1400 degrees Fahr.: 


working 


eold 


SThis conclusion was reached during private conversation with Marcus A. G! 


whom the author 


possibility. 


is indebted for interest in the work, H. M. Hi 


wwe also ment 


al 


they again lose mag 
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Photomicrograph 


Etched Sodium 


Patches but Without Orderly 


Boundaries and a 
ed Sodium Picrate. 
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Fig. 24 Photomicrograph Showing Complicated and Crystalline Character 
Etched Sodium Picrate. x< 2400. Fig. 25—--Photomicrograph Showing il ) 
to be Partiy Continuous and Partly Made up of Isolated Carbides. Etched Sodiun 
xX 2400. 
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ry abruptly as soon as heating is carried to above 1400 
Mahr. It has been mentioned that some manganese steel 
will partially decompose even without eold working in 
ns adjacent to grain boundaries, if the time of heating 

‘ r enough. These samples, also, are magnetic below 1400 de 

- Fahr. and nonmagnetic if heated above 1400 degrees Fahr. 


rhe change from the nonmagnetic to the magnetic form of 


























s known to be accompanied by thermal disturbance. Ef 

ts of the author in this direction produced no positive results, 
no sharp thermal disturbance was found on the critical curves 

samples. Of course, not all iron which enters into the com 

sition of each phase undergoes a change from alpha to gamma 

' in. for instance on heating. Critical transformation is only partial, 
volume of iron which undergoes the transformation is small 

nd, consequently, the ordinary methods are not sufficiently sensi 

e to detect the transformation. 

Krom these observations it is assumed that the process oft de- 

mposition of the strained austenite of Hadfield steels is as fol 

vs: the separation of fine carbides begins even at low temper 
res of heating in those parts of the sample, which on account of 
crystalline structure were sufficiently strained to initiate 
separation of carbides; as the temperature is raised, up to a 
tain point, or the time of heating is prolonged, the separation 
vresses and earbides agglomerate, but the agglomeration is 
nly partial because of the inability of carbides to diffuse in the 
tted time; as the carbides separate from the austenite the ad- 
ning solid solution is rendered less and less rich in carbon and 
anganese and finally a composition is reached when the amount 
carbon and manganese is not sufficient to prevent allotropic 
iranstormation of iron from gamma to alpha, which is the stable 
rm at low temperatures.'® Subsequent to alpha iron formation, 
more carbide is thrown out of solution. When the sample is 
r heated to a temperature of about 1400 degrees Fahr., fer- 


oF troostite, at and near the separated carbides, changes from 
pha to gamma. As soon as this change occurs, diffusion becomes 
POSSIDLE and the previously separated earbides avail themselves 













the change from gamma to alpha iron takes place at different times in 
the sample, depending entirely on how far the exclusion of carbides has 
takes place at different times, it should not be expected to be detectable 


} } 
tia inal Sis 
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g. 26—Photomicrograph of Sample Which Was Heated to 1400 

e Agglomerated Carbides and Quenched in Ice Brine, then Reheated t 
Fahr. for 4 Hours and Quenched. Etched Sox ite x 2400 Fig 
graph of Sample Treated. Same as Fig. 26 bu teheated to Degree 
Cooled, itched Sodium Picrate. x 2400 
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nortunity to complete the separation of two phases (ear 





solid solution) through the process of agglomeration. 

s of course, to be remembered that in passing into the 
ron range, the solubility for earbides is increased and such 
should go back into solution. As the temperature of heat 
- raised to 1600 degrees Fahr., this is precisely what happens. 

\+ Jower temperatures, in the vicinity of 1400 degrees Fahr., the 
laney for agglomeration is apparently more powerful than the 

denev for re-absorption of carbides by austenite. 

\ssuming, then, that the allotropie transformation takes place 
vicinity of 1400 degrees Fahr.,'* the constituents of Had 
manganese steel below this temperature consist of austenite, 
le carbide of iron and manganese and alpha iron, probably 
lline some carbon and manganese in solid solution. Above 
1400 degrees Fahr., but not higher than 1600 degrees Fahr., the 


nstituents are austenite plus double earbide. 


APPENDIX 










On ‘*‘MarTENSITE’’ IN AUSTENITIC MANGANESE STEELS 


Kotaro Honda and Keizo Iwase state'® that ‘‘the transforma 





tion of retained austenite into martensite is promoted by several 


‘ans, such as heating to a high temperature, cooling in liquid 











r, or repeated mechanical stress.’’ They reached this decision 





hile working on 5 per cent chromium, 1.4 per cent carbon steel. 





ll. M. Ilowe is quite certain that ‘‘the chief reasons for the 





sefulness of this alloy (meaning Hadfield manganese steel) are 





probably its ability not only to retain continuity, but to strengthen 










through martenization, and the ease with whieh this martenization 


ClITS 


Discussing decomposition of austenite in steels of highly 





























varied chemical composition, Dowdell and Harder make frequent 
ention of ‘‘martensitic needles’? and ‘‘martensite’’. Summariz 
ng the results of their quenching experiments with all investigated 





steels, they say, ‘‘The more drastic quenching of the smaller size 





roduces more martensite at the edges of the pieces.’’*° 








did not make any serions effort to determine the temperature exact! 

















NS, American Society for Steel Treating, Vol. NI, No. 3, p 




















Ibid, pages 464, 6438. 





INS, American Society for Steel Treating, Vol. XI, No. 2%, page 231 Dowdell 
lhe Decomposition of Austenitic Structure in Steels.’ 
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In a theoretical paper on ‘‘ Persistence of Austenite 
Temperatures’’, EK. C. Bain suggests the formation of 
from austenite in ‘‘that particular condition character 
tensite.’”’ Mr. Bain’s experimental work was done on 1 
chromium, 2 per cent carbon steel. 

Treatises on special steels often refer to the CONST 


these steels as ‘‘martensite’ 





Guillet, for example. 


(ie Ser} 
‘*martensite’’ in nickel, manganese and other steels. 


Although the word 






‘martensite’” is used so frequently, 


metallurgists have not as yet agreed as to what ‘‘ martensite” 










We may entertain certain ideas as to the composition, constituent 


type of union between such constituents, ete., in a familiar met; 
lographiec appearance, which we choose to call ‘‘martensite’’. J) 


our minds ‘‘martensite’’ is associated with quenching operatio 
hardness, steels or alloys with some carbon in them. Yet 
if we deal with plain carbon steels, we hardly expect ‘‘ martensite 
formed on quenching 0.1 per cent carbon steel (such, for instane 


as described by Dr. Zay Jeffries to be identical with a similar] 





called constituent in quenched eutectoid steel. Going into 





field ot special steels our difficulties in interpreting **martensite’ 





are increased many fold. We agree, however, on one point of i: 















portance, namely, that martensitic needles ‘‘result from the trans 
formation of austenite under certain conditions’’ 

When one constituent is the result of the decomposition of thi 
other it is obvious that the analysis, the properties, the very na 
ture of the former depend on the chemical analysis of the latter 


t 


There is indeed no reason to postulate that ‘‘martensite’’ dis 
covered by Honda in 1.4 per cent carbon and 5 per cent chromiun 
steel is the same structural entity as ‘‘martensite’’ of Hadfield 
nanLeahese steels studied by llowe. except, ot COuUrTSe, thei mode 0] 
occurrence. Should we accept the shape of the constituent ts 


mode of occurrence) as the basis for definition, we might accept 





Dr. Jeffries’ suggestion that ‘‘ what is known as martensite has : 


‘Leon Guillet. Les Aciers Speciaux, 1904, 
















“A Contribution to the Theory of Hardening and the Constitution of Steel.” I 
De Mille Campbell Memorial Lecture. TRANSACTIONS, American Society for Ste I 
September, 1927, page 24. 


















Albert Sauveur “The Metallography and Heat Treatment of Lron and Ste Met 
Hil! Book Co., 1926, page 952. 
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characteristic needle or acicular structure’’ 
In such a case the metallurgists have to remember 


expression ‘‘martensite’’ or ‘‘martensitic’’ is merely a d 






term, pertaining largely, if not altogether to form.‘ | 
never be associated with a definite constituent (in chemical] 
alysis and other characteristics). Neither are we justified jy 
tributing to ‘“‘martensite’’ certain general properties.  F 








example, martensitic needles do not need earbon for { 


heir 
mation. Dr. Jeffries mentions ‘‘martensitic’’ structure in 
nickel alloy containing 19 per cent nickel.?°> The author has fo 
needle-like constituents, resembling martensite, in carbonless iro) 


silicon alloy. Fig. 29. ‘‘Martensite’’ may be quite hard, as js 





universally believed, and, again, it may not be. The above mer 


tioned ‘‘martensite’’ in 0.1 per cent carbon steel is, according 






















Dr. Jeffries. quite soft. only 20 to 25 on Rockwell ‘‘C”’ seale. 

It was in an endeavor to disentangle the confusion due to ¢! 
unintentional abuse of the word ‘‘martensite’’ that the aut! 
became very much interested in the question of ‘‘martenization’ 
of Hadfield manganese steel, to which Dr. Howe refers in his 
classical work. 

Since the experimental work proved that martensite-like fo 
mations are not the constituents readily formed on decompositio 
of manganese steel’s austenite, the question of **martenization’ 
resolved itself into the following: 





(a) under what conditions martensite-like constituents 
formed, 
(b) what is their process of formation, and 


(ec) what are its structural components. 





Hadfield manganese steels prove to be thoroughly austenit 
from the center to the edge of the sample, if quenched from 1d) 
to 1850 degrees Fahr. either in water or in ice brine. When se\ 
eral samples were quenched from gradually increasing tem)» 
atures in ice brine, it was at once observed that as long as t! 
temperature of quenching remained not higher than 1800 to 1 
degrees Fahr. the whole of the steel was austenitic, as has just bee 


mentioned, to the very edge of the sample. On quenching fron 












: bbaw +4 499 » tanshis 
*4Same considerations apply also to such constituen{s as ‘‘troostite 






SThid, page 23 
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Photomicrograph Showing Structure Produced by Quenching Spec 
00 Derrees Fahr Etched Nitrie Acid 200 


150 to 2200 degrees Fahr. a structure like that shown in Fig. 30 
as invariably obtained.’° 
Higher magnifieation reveals that this structure consists of 
‘al martensitic needles embedded in austenite. A earetul 
study of these two constituents reveals interesting and signifieant 
tures Kor example, in Fig. 31 we observe not only typical 
artensitic needles, but also traces of slip planes,** plainly visible. 
‘he reason for the visibility of slip planes is obviously due to the 
eginning of a certain transformation (decomposition) at these 


Janes. It is important to note that some of these needles coincide 


precisely with the direction of slip planes. Certain others seem 


; 


tormed on different planes. 


32 there are numerous slip bands with decomposition 


ition was exercised to make ce 


should be consulted, 
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Fig 
‘> 


Etehed Nitric Acid x 2000. 





proceeding much in the same way as described elsewhere in th 
paper. Some of the needles are only partly completed, while others 
have advanced so far as to present the picture of typical mar 
tensitic formations. 

In his admirable paper on ‘‘Retained Austenite’’, Dr. Jolu 
A. Mathews first called attention to the fact that internal stresses 
rather than quenching rates might be the key to the question 0! 
hardening of metals.** The experimental work which led to th 
conclusion that strain is a determining factor in decomposition | 
austenite, also suggests the idea that on drastie quenching 0! 
austenitic samples the internal stresses might set in while austenit' 
is still at elevated temperatures. Thus the conditions similar to 


‘TRANSACTIONS, American Society for Steel Treating, Vol. VIII, 1925, pag 
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: Sy ig. 33 I f a Typical Structure 
Juenching Specimen in Ice Brine from 2400 Degrees Fahr Etched Nitric Acid 
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the case of mechanically worked samples are created. D, 
tion of austenite should result, due to (a) the presence of 
b) to the elevated temperature of the sample. It is ha) ‘a 


ceivable that the nature of strain, that is, whether app! 


chanically or by quenching, would be an important fa It 
seems quite logical that, just as the application of mechanic re 
induced internal stresses which facilitated the process of cop. 
plicated rearrangements in the strained portions of the metal whe) 
the latter was heated, so the sudden and drastie cooling produces 


similar internal stresses. These stresses are of unestimated 
nitude, it is true. Yet they must be sufficient to produce deforma 
tion, because a definite process of decomposition is in evidence, 
They must also be confined to certain crystallographic planes, thus 
explaining the characteristic, needle-like shape of the decomposed 
material. It may be surmised that the stress on quenching is ap 
plied with a suddenness which we cannot achieve in a mechanical 
way. On account of this suddenness the gliding of layers of atoms 
upon each other takes place within very narrow limits (speaking 
in terms of volume) where the resistance is at decided minimum. 
In other words, internal strain is tremendously concentrated i: 
comparatively narrow spaces, possibly only a few thousand atoms 
wide; while the rest of the sample remains practically unaf 
fected. Referring back to Figs. 31 and 32 the places occupied by 
the martensite-like needles are the places where the internal stress 
was concentrated. The width of the martensite-like formations 
represents the ‘‘sphere of influence’’ of stresses. Obviously, ex 
tent of slip would depend on such characteristics of the metal as 
erain size and erystallographie habits. 

Thus, the importance of internal strain as a factor in hard 
ening of metals may now be seen in a different light. It is not 
the mere presence of strain that produces hardness, but the fact 


that such strains are the underlying causes of a certain process 0! 


decomposition, confined to the stressed parts of a metal. If the 


products of such decomposition would tend to increase the slip in 


terference, the invariable result would be a decided increase in 
hardness. Should, however, these products fail to do so, the 


hardness remains the same, or may even be diminished. 
Further evidence concerning the presented theory of mar 





tensite-like formations in austenitic manganese steels was [ound. 
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Photomicrograph Showing Needle-Like Constituent Made up of Solid Carbide. 
Picrate. >< 2500. Fig. 35—Same as Fig. 34 but Etched with Nitric Acid, 
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Different quenching temperatures as well as different quenchi 
media were tried, and the results were the same, namely. 


like formations on the outside of the sample, providing that 








ne! 
ing temperature was sufficiently high. Finally, it was fow 
that by very drastic quenchings in ice brine (from 2400 deevrees 
Kahr.), an austenitic sample with numerous needle-like forma 
tions, not only at the edge, but throughout the specimen, is pr 
duced. A typical structure of one of such samples is shown jj 









Kie. 33. 
An examination of this sample under high power magnifica 


tion brings out the following points: 


(a) Needle-like constituent is made up of solid carbide: 





darkened by alkaline sodium picrate solution (Fig. 34 


} 
and l't 


mains snowy white on etching with either nitric or 







picrie acid 
Fig. 35. It is extremely hard. It is absolutely similar in its b 
havior toward different etching reagents as the carbides of this 
steel in ‘‘as cast’’ condition. In certain places the agglomeration o} 






carbides, proceeding within the needle, can be seen. Fig. 36. This 
by the way, bears out Jeffries’ suggestion that, ‘‘In the decomposi 
tion of manganese steel austenite it is probable that carbide pri 
cipitation precedes the allotropic transformation.’’*® 


(b) The number of troostite-like formations is small. Suet 









formations are only found either adjacent to carbide needles, or 
at the grain boundaries. 

(c) The sample is not perceptibly magnetic. 

(d) In a few places the needles seem to be composed of troos 
tite with a central rib made of earbide. Fig. 37. 

(e) When a similarly quenched sample is immediately trans- 
ferred to a furnace at 900 degrees Fahr. and held there for 5 to 
10 hours, some additional troostitic formations are noticed, located 
only at or near carbide needles. This is what should be expected 


on the evidence of previous work. 








Thus, the matter of ‘‘martenization’’ or the appearance 0! 
needle-like structure in austenitic manganese steels may be ex 
plained as follows: 

(a) The needle-like constituents appear on severe quenching 
from high temperature. 








Ibid, page 18. 
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(b) Severe quenching produces, in accordance with 










Mathews, very concentrated internal strain. 

(c) The stresses are produced while the steel is yet 

(d) The strains resulting from these stresses initiat: 
composition of austenite. 

(e) The ultimate product of decomposition depends 
temperature at which it took place. If the temperature 
ficiently high, very fine carbide particles have a chance not 


only 







to come out of solid solution, but also to agglomerate in needle-]j} 
shape, much in the same manner as was explained in case of cold 
worked samples heated to above 1400 degrees Fahr. In sueh 


ease ‘‘needle-like’’ or ‘‘martensite-like’’formations are mad 


Lae 








of carbides and should be ealled carbide or cementite needles. 
(f) In certain cases decomposition was taking place whe 
the temperature of a sample was lower and consequently the pos 
sibility for earbidic agglomeration much lessened. The carbides r 
main dispersed, as it were, as fine particles on the planes o! 
decomposition. Under this condition the typical martensitic 
needles are formed, the ultimate constituents of which, as well 
as the type of their nature (that is, whether solid solution or m 
chanical mixture) can be debated. 
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Hadfield manganese steel and f 
rht thrown on that tundamentally important phenomenon, tl 
Phe 


led with the view 1] 
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'¢ sults 






obtained bv him can be, L believe, 






have 


ot aust 










solvent in passing from gamma iron to 








s transformation occurs, a new phase makes its app 







alpha phase; first at the grain boundaries, and thet ilong 
graphie planes of the austenite. The alpha phase at the 
ts formation is probably a sold solution of carbon in alpha 
\s pha iron has very little dissolving power for carbon, the latte: 





it of solution in the form of extremely small particles of 





sulting in a constituent generally known as troostite. If the 





tion remains incomplete, as in quenching carbon steel o1 


because 





esence of some delaying element, an aggregate is then produced 





ed, containing both the gamma and the alpha phase; that 





d troostite, and presenting the well-known appearance ot 


| ‘ 













these views are correet, martensite should not be deseribed 
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CONST 





ituent, but as a fine aggregate of austenite and troostite. 


\ 





sformation is complete, as for instance after the slow cooling 





tectoid steel, the alpha phase is transformed into. fr 


i I 





ce alpha 






the austenite phase into pearlite. 








\pplving these views to the results obtained by Dr. Krivobok, we find 
manganese steel, quenched from 1800 to 1850 degrees Fahr. (981 to 
grees Cent.) remains fully austenitic; that is, untransformed after 
ng. After heating to 1200 degrees Fahr. (648 degrees Cent.) for 





rs, however, the decomposition of austenite begins through the 


“ 







of the alpha phase troostit« at the boundaries of the 
rains. (See the author’s Fig. 19. Dr. Krivobok refers rightly 






uent as being troostite when he writes on page 905, *‘ Attention 





ld be paid to the formation of troostite at the grain boundaries of 





This is in agreement with my conception of the decomposition 








subyectin 





” manganese steel to cold work causes additional transforma 


St nite ‘ while heating the cold worked stee] To temperatures below 


grees Fahr. 






760 degrees Cent.) results in still further decomposition, 





rmation of more alpha phase (troostite) 





Q) ge 910 the author writes, ‘On heating below 1400 d 


egrees Fahr. 





grees Cent.) the phases that separate out (i. e., that are new) are 


and alpha iron in the form oft troostitie growths.’ 







ct that the decomposition of austenite and the formation of 


phase troostite) cannot take place above 1400 degrees Fahr. 





grees Cent.) must be ascribed to the fact that alpha iron cannot 


e that temperature. 










instatten Structu of Iror Al] ys,’ Albert S ve \ rical | 
gs, Vol. LXVI, 1927. 
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The author comes very near stating my view almost in my 


when he writes on page 908, referring to the 


constituents se) 


heating to 1400 degrees Fahr. (760 degrees Cent. that ‘‘ they 


impression that they are deposited along crystalline planes, n 


same manner as the constituents in the Widmanstatten struectu 
alloys.’’ 

In regard to the formation of martensite in this manga 
resulting from ,quenching at 2150 to 2200 degrees Fahr. 
degrees Cent.) the explanation offered by the author on pages 92 
is, indeed, quite satisfactory. 

The following statement of the author on page 924 is well 
serious thought: ‘‘It is not the mere presence of strain that 
hardness, but the facet that such strains are the underlying ea 
certain process of decomposition, confined to the stressed parts of 

Written Discussion: By Dartrey Lewis, American Chain Co., 

Conn. 

It is getting commonplace now to compliment Dr. Krivobo 
photomicrographs. However, they are so excellent that it is 
to avoid doing so. A very fine photograph at a magnification of 
page 906 is particularly interesting. It shows pearlite associated 
troostite in a high manganese steel. Dr. Krivobok does not stat: 
the pearlite was formed directly from,austenite, or whether troost 
formed at an intermediate stage of the reaction. On theoretical 
Kotaro Honda favors the latter mode of formation of pearlite, but n 
lographie evidenee for this theory is at present lacking. 

The conclusions which Dr. Krivobok reaches regarding the const 
of high manganese steels are in agreement with the findings of M. D 
M. Dejean’s conclusions are published in two papers in Comptes Rend 
Vol. 165, p. 335, and 1920, Vol. 171, p. 791. He shows that in the 
of carbon the addition of 12 per cent of manganese to iron lowers the 
point to about 212 degrees Fahr. In the presence of 1 per cent 
this point is further lowered to a temperature of about minus 150 
Fahr. He also shows that the solubility of carbon in austenite 
siderably reduced by the presence of manganese. The constituents 
found in a slowly cooled manganese steel are, therefore, austenit 
troostite. When, however, such a steel is quenched the carbo 
in supersaturated solution in austenite. 

These findings agree very well with Dr. Krivobok’s metallogray 
evidence. Take, for instance, the effect of cold work upon qu 
manganese steel. Cold work causes the precipitation of some 
from supersaturated solution. Hence the inerease in hardness and 
of increased magnetic permeability. The increased hardness is not 
fore, due to the formation of martensite. Heating such a cold-wor! 
results in a further precipitation of carbide. This reduces the « 
tion of carbon in the austenite, thus raising the Ar, point. On 
again to room temperature martensite will be formed if the Ar 


been sufficiently raised, This is believed to be the explanatio 
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word, deseribes a constituent, a metaral, or a family of relat 





We may also apply it to a typical or definite aggregate of defi 





ents or metarals, but this is as far as we ¢an go without 


iy sacrihe) 





exactness, of which there is more and more need in 





pres nt 





ography 





In conelusion IL wish to express m\ appreciation of Dr. k 


very interesting and useful paper. 





Written Discussion: By G. R. Fitterer, U. S. Bureau of Min 


ment Station, Pittsburgh. 






In reviewing Dr. Krivobok’s paper on the constitution t 


OT 





ganese steels it can be said that it is easy to agree with most of 





results of the research. Also, it should be pointed out that that 





ron 


is an example of the excellent conclusions which may be drawn 4 





manipulations of such high character, 





There is, however, one thing which should be emphasized at t] 


abt This 





namely, the urgent need for metallographists to make use of 





thermodynamics in addition to the X-ray, the microscope, and ac 


WY 
u 





knowledge of metals and their alloys. 





Chemical thermodynamics is a tool which has been long in th 





of development and is yet far from being complete. In fact, it 





for the metallographist himself to complete and perfeet this to 





application to our present limited knowledge of solid solutions. 






This science which has been developed by various physical chemists 





to do with the properties of dilute solid and liquid solutions, 





various phenomena may be explained by certain thermodynamic 


these physical chemists are pioneers in the fundamental science they 






dilute solid solutions, and after being satisfied that they did apply at 





within certain limits, they have passed by the specific applications 





to return to their more fundamental considerations. 





The gap between the thermodynamic data available and thei 





application to both the liquid and solid metallic solutions is enormous, 






one thing is certain, namely, the metallographist himself must fill 





In regard to this particular research by Krivobok it may lb 





membered that metallographists have disagreed for the past five 





years regarding the nature of the general microstructure called 





1 


tensite’’, oceurring by precipitation of an excess phase from solid sol 






of manganese and earbon, or chromium and carbon, in gamma iron 





particular research conducted by Krivobok has been in process du 





period of three or four years. It is my belief that any one well v 






these same general conclusions within a few months after having the cast 





clearly before him. The second law of thermodynamics with its © 





of equilibrium and the probability or tendency of all systems t 





a stable state under a given set of conditions would indicate most 





general conclusions drawn in this paper. 


In other words, a supersaturated solution of carbon in an 1ro! 





been interested only in determining whether their laws would hold 





in the fundamental teachings of thermodynamics could have arrived 
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ratures would hasten the approach otf an equilibrium. state 
re studied, and an allotropie change from alpha to gamma 
consequently, the stable relationsh'ps 


Same, 











is that during the 10 vears that this discussion has b 













undamental researeh of chemical thermodvnamic type 





accomplished which would bye ot value Lik 1] | 


all solid-solution 


~~ s. rather than in just this limited field. 

















ision, | have but one technical difference in opinion with the 


cept of diffusion which, he states, is controlled by solu 





rm ‘‘solubilitv’”’ has been clarified by Washburn’s ideas of 





n environment of molecules ino solution In other words, 11 





{ 
} } 


species of the solute and solvent molecules were exactly the 






movement would be freely accomplished, diffusion would 


t | 


ie solubility 100) per cent. llowever, as the moleeulna 







more and more, molecular freedom would usually be decreased, 





ess pro ounced, and the solubility decreased 





Written Discussion: by John H. Hall, Tayvlor-Wharton Iron and Steel 










() SY5O, and again on pa 






ge 910, the average composition which 







vy rol HAN VANCSE steel is) not quite correct, The manganese 


IS 


cent. 


mi 10 to 14 per cent and the carbon from 1 to 1.40 per 


S @C@hadeavol Lo keep the earbon below L3o per eent and the 










g se above 11 per cent. The steel, then, is hypereutectoid, but not to 
that Dr. Krivobok supposes. 
) S94, in the next to the last paragraph, the statement that the 







cles in the ‘fas east’’ steel are ‘‘invariably found at the 
daries’’ is not strictly in accordance with the faets, since the 
st of the untreated steel varies greatly with the size of the 

















temperature at which it was cast. The pouring temperature 
of cooling affeet greatly both the manner of distribution of 
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14 les and thre S] Le oft the ery stals. ana hen ce ot the carbide 
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CS paragraph ot page SOD it IS stated that the stee] becomes 


CGR 





ynel d harder after it is cold worked and then heated to betw 


degrees Kahr, It should be distinetly understood that the 







ecome magnetie and much harder after it is heated at this 





Without previous cold working. 


\t tl ottom of page 595 and the top of page 897 it is said that the 









made austenitic by heating at 1800 degrees Fahr. and quench 






Lye l am a little at a loss to account for this, since our 


ments indicate that the last traces of carbide are not absorbed 





ire as low as 1800 degrees Fahr. In our own work we have 






minutes heating at 1976 degrees FPahr., 4% hour at 1940 degrees 
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Fahr., or 1 hour at 1904 degrees Fahr., are required to produ 
absorption of carbides in bars of manganese steel 4. x % ing 
section and 12 inches long, quenched in water. 


In the second paragraph on page S97 the statement that s!] 


manganese steel disappear when the specimen is repolished, ar 
disclosed by subsequent etching, Is not in accordance with the 
specimen of manganese steel which has been’ cold-worked 
numerous slip lines on any polished and etched surface, when 


polished, and etehed. For instance, te 


sile test bars of manganese 
cut in two an inch or so from the point of fracture, and then po 
etched, will usually show slip lines so abundant as to make t! 
surface appear quite dark under low magnification, 

It is true, apparently, that carbides are more easily precipitat 
cleavages of the colu-worked material than in those of the steel 
not been subjected to cold working. I am not, however, prepared 


with Dr. Krivobok that his Figs. 3, 4, and 5 of samples heated 


degrees Fahr. for 6 hours and 500 degrees Fahr. for 48 hours sx 
widening of the slip lines. Hlis Figs. 3, 4, and 5 do not, in my 


indicate that the appearance of the slip lines has been altered | 
heating. 


lam rather at a loss to account for the appearance of Dr. Ky 


Migs. 6, 7, and 8S, which show specimens heated to 700 degrees Fah 


6 hours and 850 degrees Fahr. for 1 hour, as the struetures obta 


not agree at all well with those which we have always found in ow 


work. The same is true of his Figs. 9, 10, and 11, which show the sti 
of a sample heated at 950 degrees Fahr. for 1 hour. All of these spe 
show the beginning of a structure which is more fully revealed by 
12, 18, 14, 15, 16, and 17, showing a sample heated at 1000 degrees 
for 1 hour. These specimens show that the structure, which is 
ginning to appear in Figs. 6, 7, and &, is troostite. 


We have had Francis F. Lucas take new photographs of certan 


samples, dating from 1909, which are shown herewith. Figs. 1 to 8 


made from a piece of manganese steel scrap—about 3 by 6 by % 
which was heated to 1958 degrees Fahr., and quenched in cold wate 


treatment, of course, resulted in a pure austenitic structure, Figs. 1, 2, 


show this specimen after heating to S806 degrees Fahr. for 1 hour, 


Figs. 5, 6, 7, and & show the same sample after heating to 896 4 


’ 


j 


Fahr. for % hour. Figs. 1, 2, 5, and 6 show the steel after etching 


» 


nitrie acid, Figs. 3, 4, 7, and 8 show the specimens etched with boiling sod 
picrate. From these photomicrographs it will be seen that, when aust 


manganese steel samples are heated to a low temperature, carbide partie! 


t 


in the form of fine needles are liberated, both at the grain boundaries 


at the octahedral cleavages of the steel. That these needles consis 


; 


earbide is demonstrated by the fact that they are so clearly shown 


by the sodium picrate etch, Mr. Lueas believes that these needles 


consist of an 


He 


aggre 


rate of very fine particles precipitated in the « 


Gg 


states: 
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Austenitic Manganess t ex eated to 6 erres fo 1 Hour Etched 


200) big » ists iti , ‘ Lec to SU6 Degrees Fahr, 


Etched in Nitric AC id, 
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Fig. 3 Austenitic Manganese Steel Heated to 806 Degrees Fahr. for 1 Hour 
Boiling Sodium Picrate x 200. Fig. 4—Austenitic Manganese Steel Heated to 
Fahr, for 1 Hour, Etched in Boiling Sodium Picrate. x 3500. 
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observe that the acieular structure is both black and white. 






me that what is happening here is that the metal has pre 





ery fine earbides along certain of the erystallographie planes 





s ease, the acicular structure is dark. In other words, it seems 





pitation of fine carbides in the austenite. So far as my obser 





the specimens are only faintly magnetic. Hence it is reason 
° e S 





ssume that there is probably very little alpha iron present. The 
rbides seem to coalesce and then we have the white acieular 


the solid earbide plates and wedges. You will note in several 







ts that certain needles are both dark and white, showing that the 
re related. 





\ will observe in Fig. 8 a number of solid black areas. I inter 


} 


be the carbide plates or wedges which were photographed 






ago in three dimensions. The needle structures themselves are 






little indistinet. This I believe is due to the fact that they are 





rbide needles but are finely precipitated carbides along crystal 






planes, The CTOSS sections ot the carbide wedges which are solid 


ites seem to be very distinct in contrast to the larger needles. 










s te apparent from Fig. 8.’’ 

Our work of twenty years ago showed that this characteristic needle 
s brought out at temperatures as low as 572 degrees Fahr. in 
which has not been cold-worked., ] quote below our observations 


Time of 












Degrees Fahr. Heating \Micro-struecture 
+S: (2 hours Unaltered austenite 
ry 24 hours Unaltered austenite 
i tS hours Needle structure 
662 6 hours Unaltered austenite 
662 tS hours Needle structure 
jar ») minutes Unaltered austenite 






t 


2 20) minute Needle structure just beginning 
















6 hours Needle structure 
S06 25 minutes Needle structure 
S06 1 hour Needle structure 
S96 30 minutes Needle structure 











n work indicates that prolonged heating at and around 9382 





ahr. produces troostitie and pearlitic structures, similar to Figs. 





tf, 15, 16, and 17, and Dr. Krivobok’s work indicates that the transfor 





s hastened by previous eold working. The discrepancy between his 








r own which | cannot understand, is his failure to obtain strue 


} 
i 


to those of our Figs. 1 to 8 in his samples heated at correspond 


+) 
LUreS, 


rk also does not agree with Dr. Krivobok’s conclusion (paragraph 






that ‘‘the unworked samples show the presence of. isolated, 


particles, but the number of such particles is negligibly small 





a random distribution.’’ So, too, Dr. Krivobok’s experiments 


rked sample shown in his ig. 19, and deseribed at the bottom 
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Manganese Steel Heated to 896 Degrees Fahr. 


\ustenitic Manganese Stecl Heated to 896 Degrees Falr, 
Etched in Nitrie Acid, 


In the 
: heatin, 


assum] 


whi 


y ? 

v l 

( | t 
rk is 





that 


grain bound 


case OF the particular test | irs, with which Dr. Krivobok 
was probably t1 but as ] have alr dy dicated the Structure 
se steer varies considerably in different samples of different size, 
nat Cast structure has an appreciabl nfiluene on the structures 

\ further he iting Chis shows t} } ot 


making dogmatic 


Produced by 


1400 degrees ahr, tl 


from that obtained by 


ne same temperatur from whieh he draws the conclusion 
tropie transtorn tion OFeuUrs at tbout that lteomperature is quite 
nee with observed fete ind in Particular with the 


results in a 
I] ad fis ld and Hopkinson before the British 


Aw L914 » page 106 Chey fi und t] 


[ron and Steel Institute 


rat de iting n adnevanese steel fo) 


degrees Fahy made it just perceptibly magnetic, and that heat 
1112 degrees Fah) save a magnetism amo nting to 27 per cent of that 
[ter 10 hours. 33 per cent after 296 ho rs, and 34 per cent after 35 
Heating at 129% degrees Fahr. made the steel only slightly magnetic, 
ng tC 138s degrees ahr. ror a few mii | almost completely de 
magnetism of samples mad, magnet ic Y previous heating at 
perat Ss They ran Critical point q terminations on samples which 
eated at 932 degrees ahr. for 60 hours, and found a strongly 
cal point beginning at 1166 degrees Fahr, with i maximum at 
grees Pahr.. disappearing at I292 degrees ahr. to 1315 degrees Fahr. 

ssign temperature of ] Y2 degrees Fahy to this critica] point, 
this It will by evident thet the Pacts Observed by Dr. Krivobok on 
temperatures above 1400 degrees Fahr. ar not surprising, The 
n that the steel] Without cold work, as shown in Kio, ae, 

shows carbides “"In isolated pa 


atches dispersed throughout the 
tendency fo) orderly 


aus 
uatrix, but without any | arrangement, ’? (page 
, IS not necessarily true, as sumples cut from specimens 
31Ze Will often show a different appearanee. 
conclusion (b) on page 910 that heating below 1400 degrees Kahr. 
“8 roostite is, as T have shown, not quite in accordance with our own 


as the structure first Produced 


SistS of earbid needles. This 


NS, in; smueh 


by low temp rature 


structure. | am Gonvin ed, preeedes 
On of troostite. 


Next to the last 1 


Paragraph on page O10 the Statement, ‘very 
ug would have decomposed it all’’ (all th austenite), is a rather 


Ptlon in view of the work of Hadfield and Hopkinson. already 


shows that, even afte) exceedingly long heating, manganese 
Live only a part of the magnetism characteristic Of earbon steels, 
Krivobok’s appendix his Figs, o0, 31, and 32 are certainly of 
Interest as showing the formation of a needle structure on the 
© Specimens heated to temperatures around P2090 degrees Kahr. 
S to the best of my knowledge quite new, These Struety 


ires shown 

































































Fig. 7—Austenitic Manganese Steel Heated to 896 Degrees Fahr. for % H 


in Boiling Sodium Picrate. x 200, Fig. S—Austenitic Manganese Steel Heated 
Degrees Fahr. for 4% Hour. Etched in Boiling Sodium Picrate. X 3500. 
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nganese Steel Heated to 2192 Degrees Fahr. for 5 Minutes and Quenched in 
in Nitrie Acid. < 200. Fig. 10—-Manganese Steel Heated to 2192 Degrees 
uur and Quenched in Water. Etched in Nitrie Acid. x 200. 
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Fig. 11 Manganese Steel Heated to 2282 Degrees Fahr. for 5 Minutes and Q 
Water. Etched in Nitric Acid < 200. Fig. 12——Manganese Steel Heated to 2 
Fahr. for 5 Minutes and Quenched in Water. Etched in Nitric Acid, X 200 
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however, are, in my opinion, not at all identical with those 
and 32. 
g point of manganese steel is very close to 2480 degrees Fahr., 


work has shown that heating to temperatures from 2192 to 23872 


result in the partial melting of the steel. In other words, 
is crossed when the steel is heated to or above 2192 degrees 
steel is brought to the partially fused condition character 
temperatures between the solidus and the liquidus. In Figs 
12 are shown the structures of bars of manganese steel ty x ™% 
the following analysis: 


( arbon 
Silicon 


Manganese 


no f 


0 Various temperatures and quenching in water. Fig. 9 shows 


heated to 2192 degrees Fahr. for 5 minutes, Fig. 10 after heating 
degrees Fahr. for 4% hour, Fig. 11 after heating to 2282 degrees 
> minutes, and Fig. 12 after heating to 2372 degrees Fahr. for 5 


co 


13 shows the same specimen as Fig. 11, with boiling sodium 


tech). The characteristie uppearance of the carbides liberated, es 


the grain boundaries, is found only in specimens which have been 
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heated to these high temperatures, and, on 






examination at high 
these patches of carbide are found to have a 


eutectic strueture. \W 
Krivobok’s Figs. 33. to 


37 do not show struetures identical 
yet the appearance of the carbide needles and the 


as to make it almost eertain in my mind that the 


with tl} 





carbide patel ‘ 





structures are 






in kind, if not in exact shape and appearance. I am the more certai) 
hecause manganese steel cannot be heated to a temperature as hig! 
degrees Iahr. without producing structures of the 


type I have des 
It is indisputable also that the needles of Fig. 35 and those of Kig 


32 are radically different in appearance. It is undoubtedly for this 


that this structure is found throughout the specimen, instead of only 





S 






edge as in the case of the samples heated at 2150 to 2200 degrees F 
shown in Figs. 





30, 31, and 32. I am not, therefore, disposed to 


act 
conclusions (e) and (f) on page 928. 








The author and his employers, the Taylor-Wharton Iron and Ste 


eC 
pany, who furnished the samples with which Dr. Krivobok worked, are g 
to take this opportunity to congratulate him on the excellence of this pape) 


and on the interesting information set forth. They cannot, however, a) 


again voicing their regret that they did not have an opportunity to compa: 







; 


Lhat 


notes with Dr. Krivobok before he put his paper into print, believing 
would have been desirable that some of the discrepancies, indicated in 


discussion, should have been ironed out 


the publication of Dr. Krivobok’s paper. 


previous rather than subsequent 







Author’s Reply to the Discussion 


I wish to offer my expression of gratitude to all those who we: 
enough to benefit me by their constructive discussion of my paper. 
| feel much indebted to Prof. Sauveur for his kind attitude, espe 






in regard to the theoretical aspects of the paper. 


While most of us accept Prof. Sauveur’s description of the process of 












the decomposition of austenite in iron-carbon alloys of all compositions, | f 


one do not believe that this process is followed in all alloys of iron. Mang 


nese steels can be retained wholly austenitic (disregarding a few carbides 


even under the conditions of slow cooling. The gamma-alpha transformatio: 


is prevented and, consequently, the formation of a troostite constituent 
avoided. We find, however, that on reheating an austenitic sample we i 
the formation of troostite and, to some extent, sorbite, through (a) separati 
of carbides from solid solution and (b) accompanying allotropic change in 
from gamma to alpha form. Which one of these two precedes the other | do not 


believe we know as yet. My experience in connection with other studies 


ud 





indicates that pure iron-manganese alloys very rich in manganese show 4 






ul 


much diminished tendency for carbon absorption (for instance on carb 
tion) compared with alloys of smaller manganese content, and, in fact, wou 


readily throw carbon out of solution. It is not unreasonable to assume that 






i 






Hadfield steel acts in a similar manner. Further experiments completed sinc 
the publication of my paper have furnished only confirmation of the theory 
of decomposition there stated. 


DISCUSSION—HIGH MANGANESE STEELS 
full agreement with Prof. Sauveur that formation of 
tite cannot take place above 1400 degrees Fahr. because 
annot exist above that temperature. Of particular interest to 
samples at or above 1400 degrees Fahr. was that earbidie sepa 
led along certain definite directions, apparently determined by 
It was rather surprising that the influence of cold working, 
indirectly, would persist to such a high temperature. That part 
which concerns the tendency of carbides to agglomerate and 
in the form of semi-completed Widmanstatten patterns merely 
s observations on other alloys. As a matter of fact Prof. Sau 
k on this subject is so well-known that one is almost compelled 
wording. 
eed glad to hear from Prof. Sauveur that the explanation for 
of martensite in severely quenched samples is satisfactory 
Yrof. Sauveur notices this particular observation and its explana 
the subject of another discussion and it is particularly gratify 
iuthor to have encouraging comment from Prot. Sauveur whose 
in hardly be doubted. 
endorse Mr. Fitterer’s enthusiastic appeal for the application 
hermodynamics to the study of metals and agree with his state 
nany important thermodynamie deductions might be made regard 
erties and stability of solid solutions—providing, however, that 
rmodynamie data were available. Any one conversant with this 
eld should be familiar with the extreme difficulties involved in 
y such data on solid solutions. 
upts to prepare absolutely homogeneous solid solutions (with the well 
f solidification phenomena occurring between liquidus and solidus 
ssitating diffusion in the solid state to bring about equilibrium) 
en successful even with softer metals. Mr. Fitterer really should 
he great difficulty presented by the determination of the thermo 
of the constituents of such solutions. 
data the metallurgist must fall back on the experimental 
microscope from which to draw his conelusions. 
also due to Dr. C. R. Wohrman. 1 quite agree with him 
in a position to state that in most metals (and I am almost 
in all metals) the transformation and changes have their 
| take place at grain boundaries and crystallographic planes. 
in and myself appear to differ somewhat as to the mechanism of 
formation. I quite agree with Dr. Wohrman that the main cause 


+ 


insformation is due to the gamma-alpha allotropiec change. This 
ever, cannot take place unless the austentie solid solution is im 
In regard to carbides) to a certain composition. And this is 
ems to me, solubility plays an important part. 

er, the question of solubility was discussed by me especially in 


+1 


nh samples heated to above 1400 degrees Fahr., non-magnetic 


which no gamma-alpha change occurred and in which the presence 


ted carbides had to be explained. 
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| sincerely appreciate Mr. Dartrey Lewis’s complimentary 





work of Dejean, to which he refers, is indeed in full 





agreement 





the contents of the present paper, Dut also with the studies 





been able to pursue since. Mr, Lewis will observe that 





in my r 
Sauveur, | mention some results connected with case hardening o 






hese alloys, which show a decided decrease in solubility ot cart 





nese austenite. 





Mr. Lewis has very clearly restated my theory ot ** particles 





duees, however, the eternal question of what is martensite? In 





any possible controversy it seemed to me preferable to use the 






Hadfie 
Water 


ld 


from 1800 






Manganese Steel All 
deg ees Fah 








Curve 1—-Specimen Heated for 9 Hours. Curve 
Specimen Heated for ${ Hours Curve 3—Specimen 
Heated for 1 Hout Curve 4—Specimen Unheated. 















titic’’,—elearly indicating my full agreement with Mr. Lewis 


as 





process through which the particles are formed. 





l am taking the liberty of replying at some length to Mr. Ha 





contribution. 





self as to the composition of Hadfield manganese steels. The only 


[ introduced the figures ‘£1.25 to 1.50 per cent carbon and fron 








per cent manganese’’ instead of conventional ‘61.00 to 1.40 per 





Hadfield manganese steel falling within the limits of chemical 






even of 1 per cent carbon is highly hypereuctectoid steel. I surmiss 





Hall assumes that the eutectoid point is at 0.90 per cent earbon. 
12 per cent manganese steel it is considerably lower. 
f am willing to enlarge upon my statement that in ‘‘cast st 


bide particles are found invariably at grain boundaries.’’ In fae 
as isolated particles are found within the austenitic grains proper. 
aries, that the point of location is unintentionally stressed. 


That manganese steels become magnetic after heat treatment 
known for some time. If Mr. Hall suspects that I lacked that 





I fancy that there is very little disagreement between Mr. Hall 


whieh I indieated. However, assuming that most of the Hadfield steel 


\\V 


lies in not making myself more explicit on this point. It is true that 


their amount is so much less than the amount of earbides at the gr: 




















and 10 to 14 per cent manganese’’ is that L had at my disposal cor 


of the composition as given by Mr. Hall, I still maintain that Hadfi 
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Fahr. 
(D’) Heated 
Fahr 


consequence of his overlooking my footnote No. 3 on page 895. 


e increase in hardness due to heating alone, simply because 


edge reliable data on this subject has not been published. I have 
possession some data which at the time of preprinting of my paper 


irmation and checking up. Having done so and having, also, 


efully scrutinized results on the increase of hardness due to heat- 


by cold working, I take the liberty of incorporating my results 





Fahr 
Etched in Sor 


Pounds per 
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( Another pot with Numerous 


Needle 


» 


I shall request to be considered as strictly preliminary) in Fig. 1 and 


n from these figures the hardness of steel is a function of temperature 
ng and the time at heat 


taking for granted that the samples received 
unt of cold work. It will be observed at onee (a) that an inerease 
ss of worked samples manifests itself at a considerably lower tempera 
in the unworked steels, and (b) that up to a certain temperature,’ 
as the working itself. 

also touched upon the question of influence of the degree of cold 
Much interesting data has been collected which 


a separate paper. 


of worked samples is as influential 


in proper time, will 
At this time I want to present only one Fig. 


on my answer to Mr. Hall’s 
seen later, clarify 


has a direet bearing 
vill be 


endent 


discussion and 
whatever small discrepancies there 


are in 
investigations. 


imit of proportionality of cast Hadfield steel is accepted to be from 
erately refrain from mentioning 


Kahr. in this 
{f cold working. 


a specific temperature ( 


ithough I have in mind 
because, obviously, the 


temperature depends on 


particular case), 
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40,000 to 50.000 pounds per 





square inch (no well marked yi 
be established). Several samples of 





steel have been subjected ti 


at 20,000 and 





79,000 pounds per square inch and, after \ 







aried 


with varying times and temperatures of heating, careful measu 


ness were made following the method of Grossmann and Snyder? 
stressed by 20,000 pounds per square inch followed, in general 


of unworked samples; a considerable heating time was required t 





increase its hardness*, presumably due to the low stresses induced by 






Its structure resembled the structures presented by Mr. Hall in his 


and 5, but this question will be taken up later. On the other ha 


pression of 75,000 pounds per square inch followed by heating 


as is obvious from Fig. 3, a powerful factor in hardening Hadfield st \I 


{ not suggest therefore that I was justified in stressing 





in my origiz 
the role of working and heating in hardening Hadfield steels? 





I not suggest therefore that I was justified in stressing—in my orig 


that heating up to 1800 degrees Fahr. holding for some time and qu 





ice brine renders steel thoroughly austenitic. Mr. Hall speaks of ‘: 
of carbides.’’ Obviously, a steel 


S 





does not have to absorb all th: 


I 






merely to become austenitic. Data sheets to be published by A 


‘Manganese as Alloying Element in Steel’’ contains the statement 


heat treatment consists of heating the steel (meaning Hadfield n 


steel) to between 1832 to 1940 degrees Fahr. and quenching it 













tL in ¢Oo 


This treatment produces a uniform austenitic structure, ’’ 


In regard to widening of the slip lines by heating to 500 to 6 g 
Fahr. the question is largely that of difference of opinion. It is 1 
quently, worthy of argument. Since there is, to the best of my ki 


very little published information concerning austenitic manganese steels 
tend to pursue its study, and the discussion of my work by a mat 
tified with the commercial production of this steel is indeed appreciate 
noted with interest the superficial discrepancy between the results of Mi 
and those of myself and faithfully tried to find not only an explanatioi 


also a cause, if such discrepancy existed at all. 





Mr. Hall’s discussion may be brought down to two main points 





(a) The presence of martensite-like formations in heated s1 





steels and 


(b) Their nature. 








Of the two (a) is much more important. 






In the first part of his discussion Mr. Hall finds that my photomicrograp!s 
6 to 17 do not agree with the photomicrographs 1 to 8 made by Mr. 


from samples dating from 1909. That they do not agree is not surpris 


> 





since my samples were subjeeted to eold working before heating 


were not. However, I was, naturally, most interested in finding a log 






2M. A. Grossmann and C. C. Snyder, ‘“‘Hardening by Rel 
Transactions, A. S. S. T., Vol. 13, Feb. 1928, 










page 201 












8The values given in Fig. 3 represent an average of four Ir 
samples; i. e., an average of twelve. 
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martensite-like needles, as described f Mr. Hall and illustrated 
tomicrographs, Figs. 1 to 8. 

hat his samples were 3 by 6 by *4 inches and were quenched in cold 

1958 degrees Fahr. In my paper (page 915) I advanced the pos 

nternal stresses being responsible, at least partly, for the observed 

of manganese austenite. It oceurred to me, therefore, that Mr. 

1 the enormous stresses which may arise within quenched pieces 

ire fairly large and that the needle structure, which he shows, might 


ty 


om such stresses. In facet photomicrograph, Fig. 33 in my paper 


= 


tically identical with Fig. 1 of Mr. Hall has been reproduced as 


this contention. ‘To verify this. I secured three pieces of Hadfield 


\ approximately | by t by t inches and two from the same steel 


proximately 1 by 1 by 4 inches. All these pieces were thoroughly 
0 degrees Fahr., the temperature was raised to 1852-1855 degrees 
the pieces, one by one, quenched in ice brine. Then one of the 


s (identified as C) reeeived 20,000 pounds per square ineh compres- 
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Fig. H-5—Sample ( Troostitie Needles. Etched in Sodium Picrate. 01 
micrograph Magnified 3200 Diameters Reduced 4% in Making Halftone. 


sion and all three were heated to 900 degrees Fahr. for 9 hours. Photon 
crograph H-1 shows a structure of sample A (Large sample) approximately \4 


inch from the surface. The needles which were found by Mr. Hall are clear 


present. Photomicrograph H-2 shows the typical structure of sample ( 


some grains with abundance of troostitic formations, some with only a few, 
but containing in addition, needles similar, as far as I ean judge, to thos 
deseribed by Mr. Hall. They are better shown in photomicrographs H-3 a 
H-4 at high power. By this simple experiment our differences, [ fancy, a! 
all ironed out; more than ever [ am convinced that a strain of certain int 
sity, (potential as it were), must be present in order to induce decompositi 
In severely quenched samples, severely from the point of view of intern 
strain, where such strain is not confined to any one set of planes, wi obtan 
needle-like structures which both Mr. Hall and myself have found. In 
chanieally stressed material certain grains—depending on their position 


erence to the applied force, take on more strain than the rest. In that 
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ple ( Troostitic Needles. and Residual Carbick 
Photomicrograph Magnified 2000 Diameters, 


re illustrated by me so profusely in my paper is obtained. In the 
stresses only a few troostitic formations at first in the form of 
listributed at random, will be found. I leave it to Mr. Hall to prove 
wrong in this conception and if the proof should be forthcoming I 
ngly admit my error. 
ferred to the needles just described as ‘‘troostitie formations, 
1 


ndicating, thereby, my ideas as to their nature. This constitutes 


disagreement between Mr. Hall and myself. He says: ‘* 


seen that, when austenitic manganese steel samples are heated to 


al 

perature, carbide particles in the form of fine needles are liberated, 

grain boundaries and at the octahedral cleavages of the steel. That 

es consist of carbides is demonstrated by the fact that they are so 
wn up by the sodium picrate etch.’’ 

nnot accept evidence of this character as sufficient since my experi- 


s shown that martensite and troostite are also affected by sodium picrat« 
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Troostitic Needle Only Partially Decomposs 
micrograph Magnified 2750 Diameters 


etching reagent. I may refer also to the paper by Francis F. Lucas, 


Microstrueture of Austenite and Martensite’”™ and specifically to Fig 
it, the caption under which reads as follows: ‘‘. ; ; , spe 
25-C etehed with boiling sodium picrate. Austenite—unstained. Mart 
deeply stained. Troostite—faintly stained. Ete. 

The few following photomicrographs which I prepared specially 
answer to the discussion are taken from one of the samples, which aft 
pression of 20,000 pounds per square inch and heating to 900 degrees Fah 
showed, in places, structure quite similar to martensite needles exhil 
Mr. Hall. 

This photomicrographie study leaves no doubt, at least in my mi 


the nature of constituents. All the photomicrographs were taken af 


Lucas, ““The Microstructure of Austenite and Martensite,’’ TRANSACTI 
Steel Treating, Vol 6, Dec., 1924, page 669, 
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decomposition 


erograph 


ot quite 


i enrbide, lhl accordanes 


tomicrographs, although taken from 


ras the nature of deeomposed formations 


ial ly. 


have found invat 


| retract, therefore, 
ction of Mr. Hall, that 


fact that his samples are badly overetched. At least 


to the simpl 
d it S SO lll Cast oft his photomicrogray The blac k SPOts, 
ting trom the middle ot il reed Ol | j ( TWo needles 
the grain boundary or each othe vrowths. Only 
steels from very high temp found needles 


quenching 


aining carbides, as is fully described 


to the decomposition also taking 


chanee for carbides to agglomera 
ion that troostite and e pearlit inganese 
composed at and around 932 degre weepted by Mr. 
his Figs. 6 and 8 which show the austenite decomposed at 896 
according to the captions under photographs) he accepts 
et of decomposition as solid carbide, be inferred that a dif 
only 36 degrees Fahr. would exert such a powerful influence on 


product of de composition ? 


thoroughly disagree with Mr. Hall that my statement ‘‘ very long heat 

have decomposed all austenite ’’ is, as he intortunately terms 1t, 
rash assumption.’’ Quoting the work by Hadfield and Hopkinson 
us that after 35 hours of heating at 1112 degrees Fahr. th 
austenitic steel was 34 per cent of that of iron. Realizing that 


he quotation from 


t} 


f magnetism is a function of decomposition, t 
Suppose that they 


trance of 
ind Hopkinson certainly upholds my contention. 
steel for 100, 200 or 300 hours inst 35 hours 1s 
ot a very long heating time—in scientific investigations anyway 


nds does Mr. Hall have to suppose that decomposition would not gé 


per cent 


again | beg to disagree with Mr. Hall that his photomicrographs, 


partial melting of the steel at the 


to 13 inelusive, prove conclusively 
observed in any piece 


Absolutely similar structures can be 


ndarie Ss. 
the segregation of 


yanese steel, near. the center, where carbides has 
However, I am checking up on this point. 

naturally most grateful to Mr. Hall and to the Tayler-Wharton Tron 

for furnishing me with the | and for the benefit and 


stee 


{ ompany 
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pleasure I have derived from the discussion. With profound apo 


ever, | decline to accept the responsibility for not having my not: 
with theirs before publication. I am working for an organization 
of which is to disseminate useful knowledge, while Mr. Hall is, nat 
free in this respect. Since, to the best of my knowledge, there was 1 
any publication by Mr. Hall on the subject similar to my paper a 
Hall and his associate have known for some time that I was w 
austenitic manganese steel my reluctance to take a step as suggest: 
Hall, is, I think, quite justifiable. 

| believe that my reply to Mr. Hall’s discussion, based on addit 
perimental work, does away with whatever little differences we might 


Consequently, the discussion accomplished the purpose for which it 


and that, of course, is of more value to Mr. Hall than all the expressior 


thanks that I could offer him for his constructive and friendly discussi 
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GRAPHITIZATION IN THE PRESENCE OF NICKEL 


A Contribution to the Study of Graphitization 


By H. A. SCHWARTZ 





Abstract 





The subject matter com prise s selections of material 
om an extended research into the graphitizing effect of 
kel. The quantitative relations of time, temperature, 

al CONCE ntration and graph ite forme d are disc USS¢ ad 
nd silr on Ls shown to be nope rative as an accel rator 
in the presence of nickel. It as shown that the mechan- 
so ot graph itization is diff ¢ re nt ule nh ae cele rated by 
nickel than by silicon, but no specific explanation for 
the former is yet advanced. An explanat on based on the 
position of carbon, silicon and nickel atoms in the gamma 
Htice is, however, suggested wath regard to the mechan 
ism of accele ration. 


INTRODUCTION 
T= writer has previously discussed the subject of graphitiza- 


tion (*‘Graphitization at Constant Temperature’’, TRANSAC- 
ons of the American Society for Steel Treating, Vol. 10, page 







53). Reference is here made to that publication, and especially 
to the material in the appendix for a statement of the mathematical 
relationships involved and their significance. 


The previous paper concerned itself solely with the progress ol 






+ 
} 


reaction in the presence of silicon and included certain dis. 
losures regarding the quantitative relations between silicon con- 






tent and graphitizing rate. Since graphitization can be accelerated 





also by other elements, it appears instructive to investigate the 









progress of the reaction under the influence of these other agents. 
We may thus learn more of the mechanism of graphitization as well 
as obtain data which are valuable by themselves. 

Nickel presents a number of advantages for use in such a study. 


lts accelerating effect on graphitization is only moderate so that 







\ paper presented before the tenth annual convention held in Philadelphia 
s to 12, 1928. The author, H. A. Schwartz, member of the society, 
ver of research, National Malleable and Steel Castings Co., Cleveland. 

received January 6, 1928. 
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rather large concentration can be used without 


fear O] 
vraphitization; it alloys easily with iron so that there is ) 


uy 


difficulty in producing accurately a desired concentration 
determination is both easy and accurate. Being a metallic . n4 
it differs from silicon in that it probably cannot form 
compounds with iron and the iron-nickel, and iron-carbo) 
systems have been rather thoroughly investigated. Kase. ‘Oy 
Equilibrium Diagram of the Lron-Carbon-Nickel System’’, s 
Reports of the Tohoku Imperial University, Vol. XIV, No. 2. pag 
173. 

There is a decided possibility that the mechanism of eraphitiza 
tion, accelerated by a metal may be different from that in the pres 


ence of a non-metal which adds interest to the problem. 
No references are here given to the effect of nickel in causing 
primary graphitization, during freezing, a subject upon which 


il 


much has lately been written by the International Nickel ( 
and others. 

Some general conclusions regarding the effect of nickel on 
graphitization, in the solid, by heat treatment have been recorded 
by Sawamura, ‘‘Influence of Various Elements on Graphitization 
in Cast Iron’’, Memoirs of the College of Engineering, Kyoto In 
perial University, Vol. IV, No. 4, although the experimental | 


cedure adopted by him makes it impossible to make quantitative use 


re 


of the results. This résumé of the literature may close with the 
statement that nickel carbide is listed in the standard handbooks 


as a strongly endothermic and hence presumably very unstable 


compound, 


EXPERIMENTAL PROCEDURE 


The introduction of nickel into malleable iron has occupied the 
writer’s attention, at intervals, for many years. The present series 
of experiments, selected from among much other matter, was 
earried on in the latter part of 1926 by G. M. Guiler, H. H. John- 
son and Anna Hird to whom the writer’s thanks are due. He }s 
also indebted to Dr. Paul D. Merica and the International Nickel 
Co. for a supply of that metal. 

The purpose in view was to determine the graphite formed in 
the heat treatment of white cast iron of various nickel concentra 
tions for various times and at various temperatures. In the present 
report no attempt is made to cover nickel contents higher than 2.0 
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It was found that concentrations near 4 per cent, when 
becomes normally martensitic as cast, gave erratic re- 
ch could not be quantitatively aligned with the results of 
es. The higher concentrations which were investigated are 
ely ignored in this paper. 
would seem that a study of the effect of nickel on the 
zing reaction should be carried out in the absence of silicon 
possible, on pure carbon-iron-nickel alloys. It will appear 
course of this discussion that by a fortunate chance the pres- 
silicon proves not to affect the results which made unneces- 
rather difficult preparation of silicon-free metal with the 


ant danger of oxidation which in turn might affeet graph- 


The investigation does not concern itself with the physieal 
ties of the resulting produet. 

\ series of heats were made by remelting in an are furnace of 
> pounds capacity sprue from a single high earbon air 

‘heat and adding pure nickel shot in varying amounts. The 


ts here discussed had the composition as shown in Table I, and 


Table I 
Composition of Hard Iron 


Per Cent 
Carbon Graphite 
(Total) 


Silicon 


0.85 2.83 0.00 
0.98 2 OO 0.00 


0.83 9 R4 0.00 
0.86 2 73 0.00 
O85 2? 68 0.00 


0.80 ” 69 0.10 


ast into the form of A. S. T. M. standard test bars, the large 


portions of which were used for graphitization experiments. 
vere conducted by packing the specimens in circular cast 


Dol 


sin pig iron borings and heating in an automatic electric 
‘e for the desired length of time. In general, specimens hav- 

same heat treatment were actually in the same pot and all 
ens In a pot were equidistant from the pot wall. 


Graphite was determined in the usual way on pieces broken or 


the specimen to represent an average section after the 
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decarburized zone was removed. The results of the heat tr 


Table II. 


here considered are shown in 





Table II 
Per Cent Graphite after Heat Treatment 



































































1650 degrees Fahr. (900 degrees 1435 degrees Fahr y 
Cent.) (780 degrees Cent.) (700 4 or - 
Ni L hr 2 hrs. 5% hrs 8 hrs 19 hrs. 64 hrs, 
0.00 ome ° ee OLD0 eee eee 
0.94 ; 0.04 0 OR 0.14 0.08 0.14 008 I 
0.76 : 0.12 0.37 O85 0.08 0.46 0 OF 
0.95 : 0.95 0.49 0.90 0.08 0.63 0) Vi 
1.8? 0.19 O98 1.46 0.12 0.86 ) 
» 49 0.17 . as 0.28 1.00 ) } 
An additional series was run on the 0.76 per cent nickel alloy vs 
at a later date. On these specimens the carbon nuclei were counted ca 
and their number per unit volume*ecaleulated as described in the oe 
first reference. Their mean weight then follows from the graphit cx 
content. Plot 
Table III pa 
Graphitization after Various Times at 1650 degrees Fahr. (900 degrees Cent.) may 
of Alloy containing 0.76 Per Cent Nickel the 
I< Cent Mean Weig ind 
Hours Graphite Nuclei /mm§ Nucl 
OLD 0.24 R5 0 0?) 
1.0 0.3 78 
) O.70 L130 0.04 
3.0 0.82 160 y O88 
£0 1.00 187 0.0398 seems 
5.0 1.17 235 0 
60 154 L87 0.0623 neou 
9.75 1.69 235 0.004 
t Vy 
The specimens of the second series were quenched and photo Th 
micrographs made at various magnifications. It may suffice to re on | 
produce here in Figs. 1 to 4, these, at 100 diameters magnification, ee 
representing the specimens heated 1 hour, 3 hours, 5 hours and 9%, s th 
hours respectively. shown in 
Discussion OF Data Fin 
The data of Table II were collected as bearing on the relation vn 
of graphite to nickel concentration, those of Table III on the rela car 
Or 


tion of graphite to time. 
It is at once obvious from the last column of Table III that, at 
least for the first five hours graphite increases not, as in the case 0! 


+ 


normal white iron by an increase in size of nuclei, but almosi 
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vy an inerease in number, the mean size remaining sub- 

- constant. Counts of nuclei even when based, as in this 
several fields (usually 8 or 10) in each specimen are not of 
it precision, the number found after six hours, for example, 
ly low. The data as to mean size rather suggest that the 
yrow rather quickly, but by the time many are formed the 
in ages causes an average size to be maintained until 

nt is reached where no nuclei form and the continued growth 
voungest ones Up TO the size of the adults raises the average 

In any event this represents a distinet departure from the 

lure deseribed in the first reference as obtaining in silicon 
lovs. Sinee the time-graphite relations there demonstrated are 
termined by a particular mechanism of crystallization not here 

v we should find in the nickel alloys a different mathematical 

tion of graphite and time. 

‘lotting graphite against time, from Table II], on logarithmic 
we obtain nearly a straight line showing that graphite is 
portional to a constant power of time. Assuming this to be true, 
may caleulate the numerical value of the exponent of time 
n the tabulated data by the method of least squares, in this way 


. ] 
Gt 


|. using the nomenclature of the author’s earher paper, that 


1) 


seems likely that the exponent .71 may perhaps be a slightly 


1] 


ous determination of the mathematically simpler values 2/3 


o/ 


{ which might perhaps arise out of the metallurgieal eondi 


he photomicrographs cdo not show the tendeney to the for- 
nm Of cementite-free, martensitic zones around the temper 
to nearly the extent usually observed in white east irons 
s the tendency to form a matrix of martensite and troostite, 
lie. 4, characteristic of the more usual condition. 
‘urthermore it was shown in the reference that the «—t curve 


vhite cast iron has an inflection when about 1/2 the total avail- 


carbon has been graphitized while the present data show no 
up to 1.69 per cent graphite which corresponds to the 
being about 

1.69 


RG per cent complete 
o 40 
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after Graphitizing at 1650 Degrees Fahr. 


tion X 100. 
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Kio. » the data of Table IL showed that with the 
of the two highest nickel concentrations for the two long- 
rents 1435 and 1290 degrees Kahr. (780 and 700 degrees 
. graphite formed in any given time at any given tempera- 
s vers nearly proportional to nickel concentration. 

‘may regard the relation as similar for all heat treatments, 


average line, as shown in the figure will be still more reli- 














and such a line confirms the proportionality of graphite 


rh) ed inder elven eonditions and nickel concentration. The mat- 
s of considerable theoretical importance and will be touched 
On alaln later. 


MATHEMATICAL DEDUCTIONS 







4 t 
} 


tree carbon formed at constant temperature in a given 
S proportional to nickel concentration and if it bears the rela- 
time expressed by equation (1) then we may write 










X 7 (2) 





>) 


. ; . 
eX Is nickel concentration and a a numerical constant depend- 







= Upon temperature. 
0 determine graphitizing rate we may differentiate (2) and 
sutute for the remaining power of t (the ~*"**), its value in 





t the other quantities. Then 
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de 
- 71 a? 41 X} 41 (* 41 
dt 

Or, at a given degree of graphitization the reaction v: 
proportional to the 1.41 power of the constant a and of 
content. 


T 
tll 


Krom Table Il we may calculate the value of a at 1435 deore, 
Kahr. (780 degrees Cent.) for each recorded observation. Makiy 
this calculation and averaging all the results for each temperatur 
we find 


and, graphitizing rates being proportional to the a 1.41 


1.41 log 


141 (2.05123 
1.00651 


It is usually assumed that the logarithm of reaction velocity is a 
rectilinear function of temperature, and this relation was shown t 
obtain in the silicon alloys. 


Postulating its correctness in the pres 
ence of nickel also, the thermal coefficient of reaction velocity 
an interval of 10 degrees Cent. is 


1.00651 


12 


as against the value 1.23 reported previously. If instead of .7] 
as the coefficient of t we assume the value 2/3 then the coefficient 
becomes 1.228 which is a still nearer approach. 

Kor 1290 degrees Fahr. (700 degrees Cent.) (below A,) the re 
sults in the two columns yield different values for a pointing t 
the possibility that perhaps equation (1) does not then apply. 
Until this point is cleared up no conclusions can be drawn regard- 
ing the possible changes of graphitizing rate due to the alpha | 
vamma transformation. It appears likely, however, that the mea! 
thermal coefficient between 1290 and 1435 degrees Fahr. (700 anc 
780 degrees Cent.) is not greater and may be less than betwee! 
1435 and 1650 degrees Fahr. (780 and 900 degrees Cent. 





GRAPHITIZATION IN PRESENCE OF NICKE! 


THEORETICAL CONSIDERATION 


difference in form between equation ] and the 


nding equation in the absence of nickel, corroborated by 


iphs and grain counts seems to point to the fact that graph- 


n when accelerated by nickel proceeds by a different mechan 
when accelerated by silicon. The facet that the thermal 
nts are substantially alike in the two eases and similar to 
hermal coefficients of diffusion phenomena suggest that graph 
rate is still determined by some phenomenon of that nature. 
The fact that relation of nickel concentration and graphite 
ned in a given time, extrapolated to zero nickel gives a negligibly 
ll graphitizing rate, points to the fact that so little as 1/4 per 
that metal completely annihilates the effect of even a normal 
content on graphitization. It is therefore evident not only 
he action of the two elements is different but contradictory, 
re have here an instance where the effects of two accelerating 
ents are not in any degree cumulative. 
\ suggestion, at least, can be made as to a possible reason tor 
s phenomenon. It was shown by the writer ‘‘ Evidences Con 
ning the Location of the Carbon Atom in Boydenite’’, TRANSAC- 
vs of the American Society for Steel Treating, Vol. XI, p. 277, 
that there is reason to think that the process of graphitization 
nvolves aS an essential step the transfer of a carbon atom from 
entral, additive, position in a face-centered cubic cell of the 
lattice, to a substantial position taking the place of an iron 
The following densities of gamma iron solutions of silicon 
een determined in this laboratory by Payne and QGuiler as 
vn in Table LY, 


Table IV 
Densities of Gamma Iron Solutions of Silicon 


1.93 3% Lae trace 
12.43 ).9% trace trace 
0.00 29.78 30.00 
0.06 25 trace trace 


1.833 7 8.1305 8.2406 


en making every allowance for variations of composition 
figures show that silicon in the presence of manganese in- 


the density of gamma iron and in the presence of nickel 
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decreases it. Disregarding the very slight effects of y 
manganese on lattice parameter, the above results seem to 
the fact that manganese drives the silicon atom into an 
position in gamma iron e¢ell, like that occupied by the carb 
in austenite, while nickel places them in substitutional] 
similar to the stable position of carbon atoms in boydenite 
Shall we now argue that silicon in an additive positio: 
the formation of the stable solution lattice by crowding, as 


the carbon atoms into substantial positions by displacing then 
while nickel, known to oceupy substitutional positions in the camm 
lattice, attracts into similar positions both carbon and silicon atoms 
and hence prevents the latter from facilitating the movement of th, 


former ? 
All attempts to formulate a mechanism of graphitization 0 
of the steps, solution of Fe,C, migration of carbon in solid solutior 
decomposition of solution and crystallization of graphite whic! 
should give the time-graphite relation of equation (1) have so fa 
proved unsuccessful. 


CONCLUSIONS 













It 


nickel concentrations. silicon becomes inactive as an accelerator « 


has been shown that, in the presence of even rather lo 









vraphitization. The graphite formed by given heat treatment 
very nearly proportional to the nickel content. 

The graphite formed at a given temperature is proportiona 
to about the 2/3 or 3/4 power of time up to the point where as muc! 
as 86 per cent of the possible graphite formation has taken place. 

The thermal coefficient of graphitizing rate accelerated 














silicon and nickel is shown to be similar. 

No conclusions as to the mechanism of graphitization in 
presence of nickel can be drawn, but data exist which explain th 
eancellation of the effect of silicon by nickel. If these reasons ar 
true, they constitute further confirmation as to the difference 1 
kind of the stable and metastable solutions of carbon in iron. 


DISCUSSION 











Written Discussion: By W. F. Graham, The Ohio Brass Co., 
field, Ohio. 
The study of the effects of the additions of nickel or other alloying 


elements to malleable iron, provide a most interesting field for investigal 
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itsonable cost, into the 

ot earbon, hanganese, phosphorus, 

accepted raw materials, and if sueh additions would 

ficial effect on the casting properties of the hard iron and its 


aatment, the path of the malleable founder would be 


a most desirable element to consider in this respect, 
the standpoint of price and its activity as an alloying agent. The 


discussion deals with some physical-chemical aspects of its ef 


graphitization agent. This deals particularly with the annealing 


the process of malleable iron manufacture. We would like to 
this connection, some results we obs rved of nickel additions more 

affecting the hard iron. 
ily, we are concerned (at The Ohio Brass Co.) with malleable 
from internal and external shrinkage, due to the requirements 
lvanizing, and tension proof tests on 90 per cent of the individual 
ed. Our composition (1927 avera of carbon 2.68 per cent, 


ge) 
per cent, sulphur 0.042 per cent, phosphorus 0.136 per cent, 


S35 pel cent, does not produce the so-called ‘*high tensile’’ mal 


ve believe it does tend to produce iron meeting the above re 


7 


Nickel was added to iron, of which the above analysis is typical 
of 144, % and “4 per cent. 
ilts indicate that, in general, it might be expected that the tensile 
ild be increased about 10 per cent, and the elongation about 50 
‘h additions. To determine if the nickel had a definite effect 
ndency towards shrinkage, we made nickel additions to metal going 
which had been running a fairly high percentage of scrap due to 
nd compared the scrap with that from the same pattern from another 


the same iron without nickel. Our conclusions were, that from a 


il dpoint, the effeet of the nickel was not noticeable after breaking 


examining the castings. 


the standpoint of annealing, we felt that the cost of $2.50 to $5.00 
ron for nickel additions was not warranted unless we could gain 
intages in the foundry. This, of course, applies to smaller tonnages 
d in tunnel kilns. 

Written Discussion: By Dr. P. D. Merica, International Nickel Co., New 
aper not only presents some very interesting facts concerning the 
of white iron containing nickel, but its suggestions as to the 

graphitization are valuable and stimulating as well. 
be observed that some of the facts developed by Mr. Schwartz 
pearance of being difficultly reconcilable both among themselves 
known data. And this situation should lead us to suspect not 
‘ts themselves which seem to be well established, as our man 
them and of explaining their inter-relations. Therein lies 


principal theoretical interest of Mr. Schwartz’s experimental ob 
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[I should like to point out one or two of those features whie 


difficult to reconcile. 


If one considers the graphs of Fig. 5, it is evidently possil 


in iron by the addition of nickel which, although white when cast. 
itize more rapidly afterwards than a plain iron, which is equally 
may put it that way, when cast. This would imply, therefore, that 
exhibits during the solidification temperature interval a comparat 
velocity of graphite nuclei formation, as compared to plain iron, but 
lower temperatures the converse was true. Indeed at the lower tem 
graphitization in nickel iron appears to be distinguished from tl] 


+ 


Le nue 


iron by the fact that it occurs primarily by increase of graphit 
Now this is puzzling enough by itself, but it is even more so 


sidered in the light of our experience with nickel in gray iron. In 


SO 


nickel appears on the whole to favor graphite formation more during 


fication than during later cooling, and as a consequence of which it is 


ble to seeure nickel-bearing gray iron relatively free from chilling tende: 
The anomaly shown on his chart of the effect of small amounts of 


in nullifying the graphitization effect of silicon is rather difficult to w 


but high in combined carbon (as compared with an equivalent plain in 


nh 


stand. Although we have seen some similar evidence that small amounts 
nickel may increase the chilling rate of gray irons, whereas larger amy 
uniformly and consistently decrease it, still it is rather difficult to 
that small amounts of nickel can really nullify in a real sense the effect 
the silicon, since that would contradict the essence of our gray iron exper! 


In the ease of gray iron there is nothing that is so certain as the 


that the effects of silicon and nickel chill upon rate of graphitization 
on the whole additive. No matter what the amounts of silicon and n 
the resulting ‘‘chilling’’ tendency is determined by their sum whereas the co1 


clusion to be drawn from the constant temperature graphitization data is t! 


in the presence of nickel, the silicon does not function at all. 


Then there is the very curious feature of the form of the nickel 
itizing curve. On page 963 the author gives as the equation of the curve show 
ing the relation between graphite formed and the time, one in which ¢! 
graphite formed is shown to be proportional to (time) 0.71, whereas in t! 
case of silicon the power of the time is 1.5. In other words, as graphit 
tion proceeds in the presence of nickel, it proceeds less and less rapidly 
comparison with silicon, since the higher power of the time in the case of 
silicon eurve indicates that the rate of graphitization goes on more rapidly 
as the time progresses. 

This does not seem readily to agree with the fact that the determining 
feature of graphitization is the diffusion process and the fact that the nun 
ber of nuclei of temper carbon formed in the presence of nickel increase d 
ing the graphitization process, whereas they stay relatively constant | 
absence of nickel. One would certainly expect as graphitization progresses a! 
more nuclei are formed, and the distance between the temper carbon ! 
and the cementite areas grows progressively smaller, requiring a smaller (is 


} 


tanee of diffusion of the carbon, that the rate would increase more and 
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ise of that fact alone. Yet the form of the curve seems to in 
it actually increases less rapidly with time than in the absence of 
is very difficult to assign an explanation for this. 
is suggestion of an explanation for the last fact. I am inelined 
that the effects of silicon and of nickel upon the two solubility 
temper carbon and of cementite in gamma iron are markedly dif 
The difference at any temperature between the solubility of temper 
gamma iron and of cementite is, in a sense, the motive power for 
ition. The rate of graphitization must always be proportional to this 
and if nickel gives you a different solubility situation of the two 
nts, than does silicon, it seems to me that it might very profoundly 
form of the graphitization curve and the rate of graphitization 
his means alone. Unfortunately our data on these solubility curves 


ted by silicon and nickel are not very extensive at the present time. 


Author’s Reply to Discussion 


suggestions of Dr. Merica open up very interesting fields of discus 
to the theory of graphitization. Since the author’s recent publications 
themselves largely with explorations in that field new view points are 
ly weleome. Unfortunately we lack much information which would 
in discussing the inconsistencies which Dr. Meriea puts forward. 
must therefore be considered as at best speculative in character 

to experimental verification and possible correction. : 

rder that graphitization may proceed fairly rapidly we must have 
arbon present and also a reasonably rapid velocity of erystal growth 
rbon. At the moment we need not consider the determining factors in 
ty of erystallization. The author believes that the fact that graphitiza 
the presence of nickel proceeds largely by increase in numbers of 
creates a presumption that here graphitizing rate is largely deter 
y the birth rate of graphite nuclei rather than by their rate of growth. 


| 


lhe alloys described were made under circumstances which excluded fairly 


tly the presence of nuclei in the molten metal. If nickel bearing gray 


made from pig iron or other graphitic materials nuclei most probably 


? 


present in the liquid and on freezing will form centers for the growth 


ryhit 
111 


e. The graphitizing rate would then be determined by other con 
ns, as for example diffusion rate which may be favorably affected by 
ut inoperative in the absence of sufficient nucleization. 
appears to the author as entirely possible that any kind of anomoly 
the chilling tendency of gray iron and the graphitization of white 
uld be due to the fact that in the one case we usually start with great 

rs of nuclei in the liquid and in the other with very few indeed. 

mathematical conclusions from the facts as to the time graphite re 
ire of course correct. It was shown in the author’s earlier paper 
tization at Constant Temperatures’’ that this relation terminates when 
half the available carbon has graphitized and thereafter the reaction 
Reasons for this termination were assigned based on a conception 


tization rates being determined by migration rates. It is not sug- 
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gested that in nickel bearing irons this limitation necessarily applies 
the author feels that all the evidence available shows that in th: 
of nickel graphitizing rate is not determined by the same mechanism 
absenee. 

Other circumstances are known to act similarly and work is in 
which so far points strongly to the conception that under certain cire 
graphitization may be determined by the rate at which cementite car 
solution in austenite. 

As stated in the original paper the author does not yet feel just 
attempting an explanation of the mechanism which will account for th 
titative relations observed in this investigation. Data as to the et 
nickel and silicon on the Acm and Ag, lines of the diagram would bk 
welcome. The former is experimentally most troublesome, although 


of late devised methods which are applicable to its determination w 


prohibitive difficulty. The determination of the latter is tedious but relat 


simple. If time can be found we may attempt the investigation suggest 


Dr. Meriea. 
Mr. Graham’s communication dealing with his experience with thi 


nickel in the plant is decidedly interesting. 


The author will refrain from any comment since he has nothi 


present from the same view point. 


1 





TORSIONAL MODULUS OF CARBON STEEL, PHOSPHOR 
BRONZE, BRASS AND MONEL METAL 


By W. r. W oop 


Abstract 


The term ‘‘torsional modulus of elasticity’’ is de- 
ed and its general relation to the modulus of elastic- 
troy an Te nNStON and compre ssion is discussed. A re vie Ww 
thre published work On the determination of the tor- 
nal modulus is made and values of this constant for 
eel as determined by other investigators are given. 
Four methods of determining the torsional modulus 
re available—(a) The direct method, (b) The spring 
leflection method, (c) The torsional pendulum method 
and (dad) The elongation method. In the prese nt envesti- 
gation the deflection method was chosen, dead weights 
being used for loading and a cathetometer for measure- 
ment ot de flections of springs. The modulus 1s calcu- 
lated from this data by inverting the usual spring de- 
lection formula. 
Vodulus determinations were made upon three types 
steel, phosphor bronze, brass and monel metal. Vari- 
tions in all the factors appearing in the usual spring 
deflection formula were made in order to determine 
vhether or not they influenced the determination of the 
nodulus. Lt was concluded that they have little or no 
Lue nce 
Results are give nin the form of averages of many 
fests and a grand average value for each metal studied 
S included. 


IIE physical constant termed modulus of elasticity is defined 


1 Professor Mark’s handbook as ‘‘the ratio of the increment 


of unit stress to increment of unit deformation within the elastic 
Since this constant is most frequently used in connection 


materials in tension or compression, the fact is sometimes 


t 


ed that it also is essential in connection with materials sub- 


+ 
Or] 7 
‘ 


0 pure shear or torsion. We therefore have two types of 


paper presented before the tenth annual convention of the society held 
lelphia Oetober 8 to 12, 1928. The author, W. P. Wood, a member 
society, is associate professor of metallurgical engineering at the Uni 
Michigan and consulting metallurgist with the Cook Spring Co., 
\rbor, Mich. Manuscript received June 25, 1928. 
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such moduli—that of materials in tension (Young’s modu 
compression, and that of materials in shear or torsion w! 
called variously the torsional modulus, the modulus of elast 
shear, or the coefficient of rigidity. 


This latter modulus may then be specifically defined 


4 
as | 


ratio of the increment of unit shear or torsional stress to the in 


in radians. In 
metals it has a value approximately 60 per cent less than Young’ 
modulus. 


crement of unit angular deformation measured 


‘ 


A moment’s consideration will indicate that this torsional 


modulus must be taken into consideration in many engineering ¢a] 
culations. In this group are included revolving shafts, many mem- 
bers in structures and all types of springs. It was this modulus 
as applied to spring design and performance which aroused the 
writer’s interest originally and caused the present investigation 
to be undertaken. 

While a considerable amount of work has been done in con 
nection with Young’s modulus, one is rather surprised in review 
ing this work, to discover that there is uncertainty regarding this 
constant for various types of ferrous metals, and still more re- 
garding nonferrous metals. Very little published work is to b 
found regarding the torsional modulus. Undoubtedly some work 
has been done by manufacturers in this connection but neither 


methods, nor results have been published except in a few cases. 


REVIEW OF WorK OF OTHER INVESTIGATORS 


An authority frequently referred to in later work is Reuleaux. 
In his classic work ‘‘Le Constructeur (1881)”*’ he states that the 
torsional modulus is 25 of Young’s modulus. No experimental re- 
sults are given nor is reference made to the sources. 

Cloud’, in discussing the design of helical springs, reviews the 
formulae of Reuleaux and develops them mathematically. [is 
reasoning leads to the proposition that G the torsional modulus 
equals 14 & 44 E the modulus in tension. He states that FE (for 
steel) averages about 31,500,000 and calculates a value of 12,600,- 
000 for G.* This value has been used very widely up to the present, 
No direct determinations of G were recorded. 





1Transactions, American Society of Mechanical Engineers, Vol. V, p. 173, 1883-1554 





*All values of G in this paper are given in pounds per square inch, 
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TORSIONAL MODULUS OF METALS 


jamin and French*® iveported’a series of experiments on 
springs, during the course of which they determined the 
modulus. Their method consisted of placing the springs 
hle compression testing machine, measuring the loads and 
nding deflections, substituting these values in the usual 
lefleection formula and solving for G by inversion. They 
at all their experiments were made on tempered steel 
no analyses or heat treatments. They also failed to men- 
r method ot measuring the spring deflections. They re- 
values of G varying from 12,000,000 to 18,000,000 which 
on has never been indicated by any other investigators. It 
\ite likely that their method of measuring deflection was inac- 
In the discussion of the paper of Benjamin and French, Mr. 
\, A. Cary stated that he had at one time made similar determina- 
ns of the torsional modulus of steel and found a variation of 
‘vom 12,000,000 to 16,000,000. He finally changed his method to 
of subjecting straight sections to torsion, solving for G pre- 
sumably as the slope of the curve of fiber stress versus angular 
formation. Using this latter method he obtained values of G 
etween 12.000,000 and 13.000.000. 
J. K. Wood* in a series of articles on spring design discusses 
arly and in detail four methods of determining G. They are, 
The direet method, (b) The deflection method, (c) The tor 
sional pendulum method, and (d) The elongation method. In the 
t method a straight section is subjected to torsion and the 
odulus determined as the ratio between unit fiber stress and unit 
ngular deformation. In the deflection method the section tested 
sin the form of a helical spring. Deflections under given loads 


re measured and G determined by inversion, having substituted 


1 


] 
| 


alues of load and deflection in the ordinary deflection formula. 


e torsional pendulum method employs a weight supported by a 


smal 


nall wire made from the material under investigation. The length 


and radius of the wire aré carefully measured and the moment 
of inertia of the weight is calculated. Lastly the period of the 
torsional oscillation of the system is observed. From the data thus 


tained, G is determined by substitution in the formula for tor- 


American Institute of Mining and Metallurgical Engineers, Vol. XXIII, 1902, 


Machinist, Vol, 04, 1921, pp. 628, 780 and 854, 
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sional pendulums. In the elongation method G is deter 


dividing E as determined in a tension test by the 





eC PSS y 


2 (1 + A) where JA is Poisson’s ratio. 





It was J. K. Wood’s observation that the deflection 







tho 
probably gives the best average results, at least as far as < rings 
are concerned. He presented results only by the first three met] ods 
and made determinations on only one type of material, namely 
earbon steel carrying 0.85 per cent carbon and 0.45 per cent as 
ganese. Sulphur and phosphorus were very low. The steel was 
in the form of music wire and was given no further heat treatmen 





before the tests. His results are given in Table Il. He did no 










furnish details as to how spring deflection was measured 






Table I 
Torsional Modulus of 0.85 Per Cent Carbon Steel as Determined by 
J. K. Wood 






















Method G 
DSTO Ae oe es ee 12,000,000 
Torsional pendulum ......... 12,100,000 


BUEN, 6c tac a dw ute & iat sc Woeemann 11,800,000 


K. W. Stewart® in an article on coiled spring design presents 
results of many determinations of G by the deflection method 
He placed the springs under an initial load in a testing machine, 
having center-punched marks at the center of the wire or bar of 
the spring. The punch marks were exactly two coils apart. Th 
distance between the punch marks was measured by a hair-line 
telescope mounted on a vertical micrometer screw. Further in 
erements of load were applied, the deflections measured and th 
values substituted in the usual deflection formula. Stewart states 
that little variation exists in the torsional modulus for steel of all 
types, the best average value being 11,500,000. 








IP post 
APPARATUS AND PROCEDURE IN THE: PRESENT INVESTIGATION sks y 

ve pol 

Being interested in obtaining as accurate as possible a valu es 

of G. the writer determined to investigate the matter further using : a 
a modified form of the deflection method. A few computations ii es 
served to indicate that one very serious source of error lay in the a 
5Transactions, Society of Automotive Engineers, Vol. 20, Part I, 1925, pag carryin 


TORSIONAL MODULUS OF METALS 
nent of deflections, so for this purpose an accurate cathe- 
reading to 0.0004 inch was secured. The deflections of the 


»s were secured by applying a dead load rather than a bal- 


ad as is the case when a testing machine is used for this 


meter and Device for Pro 


irpose. For loading the springs, lead disks were used. Two 


lisks weighing exactly 214 pounds each and ten disks weighing 


pounds each were prepared. It was thus possible to have a 
d variation up to Do pounds in increments of 21, pounds. 

hig. 1 is a line drawing of the assembled apparatus. The 

on of all parts is clearly shown. The most interesting part 


ll bearine used to eliminate friction of the vertical shaft 


the weight of the lead disks. It was used by Brown and 
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Dewitt® in a special testing machine and was particular] 
in the present work, as through its use the question of fric 
not have to be considered. 


The wire diameter and outside coil diameter of each sprip 
The spring, proper! 
squared and ground, was then placed under the plate on ¢| 


lower end of the shaft carrying the dead load. 


were first measured with a vernier caliper. 


Using a razor 
blade an exceedingly short horizontal hair line was placed on the 


outer portion of two active coils which were separated from eae! 


other by from one to six other active coils. An initial load of 


from 2.5 to 10 pounds, depending on spring size, was next applied 
and the distance between the hair lines measured with the cathe 
tometer. Increasing loads were then applied, the corresponding 
distances beine measured between the hair lines. Deflections cor 
responding to loads were determined by subtracting the corres 
ponding distances between the hair lines. 

Four such determinations were made upon each spring mak 
ing twelve determinations upon each group of three springs. The 
number of active coils used was varied to a slight 
being the average. 


extent, five 


Having obtained loads, deflections and other data, the mod 
ulus was determined by inversion of the usual deflection formula 
for helical springs, 





8PD*®N 


F — , to the form G 
Gd 


SPD®N 
K'd* 








kK’ = Deflection in inches 
P = Load in pounds 


Db = Pitch diameter of spring in inches 

G = Torsional modulus in pounds per sq. in. 
d = Diameter of wire in inches 

N = Number of active coils 


D, the pitch diameter, is obtained by subtracting 
the wire diameter from the outside coil diamete! 


Merats INVESTIGATED 


Three types of steel, phosphor bronze, brass and monel meta! 
were used in this study. In each case samples of the stock from 
which springs were to be made up were polished and examined un 
der the microscope, in order to be reasonably sure that the metal 


‘Preprint #28-15 of a paper presented before the convention of the American f 
men’s Association in May, 1928. 
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was clean and free from seams and surface defects. Row 
tions only were used. ‘Table II shows the different sizes 
used, the chemical analysis of each, and the heat treatmen 
before and after coiling the springs. 

Three sizes of springs were made from each size of wire. "hy, 
three groups of springs had approximate inside diameters 
tively of three, six and nine times the diameter of the wire. This 
was done to ascertain whether or not this factor in any 
fected the modulus determination. There were three spring 
each group, thus making it possible to check results in a more sg; 
factory manner. 


RESULTS AND CONCLUSIONS 


Table III contains the results of this investigation in 


a con 


densed form. From a study of Tables Il and IIIT conclusions may 
be drawn as follows: 

1. In the three types of steels examined, it appears that 
chemical composition and heat treatment are of less importance in 
their effect upon the torsional modulus than quality of the metal 
as affected by care in manufacture. The greatest variation in 
modulus is noted in the hard drawn steel and type B tempered 
steel. Type A tempered does not differ much in composition from 
type B tempered, but the modulus is much more constant. Type 
A tempered steel is a very high grade steel manufactured and pro 
cessed with the greatest care and the effect of this greater care in 
manufacture shows up in the modulus. The hard drawn and type B 
steels are of poorer quality than type A steel. It is quite probabl 
that the cold working received by the hard drawn steel was a factor 
in modulus variations. 

2. The average value for torsional modulus of 11,500,000 for 
all steels, as given by Stewart’ is checked closely by the results 
of this investigation. The grand average of all moduli for steels 
in Table ILI is 11,454,000 which is a variation of only 0.4 per cent 
from Stewart’s figure. 

3. As is known by designers of helical springs, there 1s ‘ 
linear component in the stresses as produced when the springs are 
deflected. This is small as compared to the torsional stress and 1s 


usually neglected. There is also an assumption in the derivation 








TLoc. cit. 












TORSIONAL MODULUS OF METALS 


Table III 
ional Moduli of Steel, Phosphor Bronze, Brass and Monel Metal 


hes) 


nal Modulus Ibs. per 
square inch 
rage of 12 tests on 3 


springs 


2? 480,000 
872,000 Average 
2,244,000 11,865,000 


2.118.000 


670,000 Average 
220.000 11,669,000 
2,143,000 
431,000 Average 
.3895.000 11,656,000 
107,000 
,760,000 Average 
,160,000 10,009,000 
Average 11,299,000 
11,399,000 
817,000 Average 
11,007,000 11,077,000 


) 


$80,000 


1s 
11,702,000 Average 
11,240,000 11,807,000 


652,000 


is 

11,248,000 Average 

11,289,000 11,396,000 
Grand Average 11,427,000 


3,011,000 
,304,000 Average 
594,000 11,299,000 
899,000 
663,000 Average 
.260,000 10,607,000 
2? 018,000 
090,000 Average 
,200,000 11,439,000 
233,000 
,639,000 Average 
826.000 11,566,000 
Average 11,637,000 
.260,000 
1,492 000 Average 
.959,000 6,440,000 
»,693,000 
».978,000 Average 
,376,000 6,546,000 
872.000 
,110,000 | Average 
».248,000 6,179,000 
960,000 
,990,000 Average 
6,487,000 6,146,000 
Grand Average 6,330,000 
,421,000 
,167,090 Average 
4,913,000 4,833,000 
.616,000 
752.000 > Average 
5,420,000 5,263,000 
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Table III (Continued) 











Inside Diameter of Springs (inches) 









< 


times 


Brass 0.313 5,068,000 
).108 0.596 1.741.000 

4,821,000 
1.674.000 
0.064 0.400 4 S70,000 
0.605 4.944.000 {8 

Grand Average 














; 8,237,000 
Monel 0.064 0.374 8,017,000 \ “ 
Metal ».620 7.775.000 ( 


‘ 

















of the deflection formula that the angle of twist in radians 


equal to the sine of the angle. This is approximately true when 
the angle is small. It was to determine whether or not these tw 
factors are of importance in the modulus determination by the de 
flection method that springs were made up in three groups using 
the same wire diameter but inside coil diameters of three, six and 
nine times the wire diameter respectively. The free length and 
number of active coils were the same in all cases. The only varia 
tion was in the piteh of the coils. With equal loads the angle 









of twist and the linear stress component were less in the springs 
with larger inside diameters, wire size remaining the same. In the 
ease of the springs with greater coil diameters one might expect 
the values of the torsional modulus to be somewhat higher since 
the conditions are more nearly those of pure torsion but there was 
no uniformity of results in this respect. The modulus seemed to 
decrease as coil diameters increased as often as the opposite con 


dition was observed. The conelusion seems warranted that the 








two factors above mentioned are of negligible importance as fal 
as the torsional modulus is concerned in spring design. 

4. The torsional modulus for phosphor bronze is most ire 
quently given as 7,000,000. There is no information regarding 
the effects of chemical analysis or thermal and mechanical treat 
ment. The average value obtained in these tests is lower than th 
value usually given but may be taken as fairly representative 0! 
phosphor bronze as used in spring construction. 
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The value of 5,000,000 is Trequently found for brass and 
erage value of 4,950,000 in Table IIL indicates that the first 
is very close to the actual average value. There appears to 
tendency for the modulus to rise as the zine decreases from 
r cent as may be noted in the case of the brass springs made 
U) 164 mech wire, The higher modulus coincides almost ex 
tly with the brass which exhibits greatest ductility in the east 
innealed condition, namely the 70-30 alloy. 
No published values fer the torsional modulus of monel 
were found except in the values for physical constants as 
n by the U. S. Bureau of Standards. 9,000,000 was given in 
most cases. The value 8,003,000 as found in the present inves- 
cation is about 11 per cent lower. The presence of the iron may 
ount for this in part, although there might be question on that 
ont, 
In all cases a variety of wire sizes were used. While this 
has a distinet effect upon the maximum fiber stress in 
rines it does not affect the modulus determination by the de- 
ection method. 
As a final word in summary, it may be said that variation 
n any of the factors appearing in the ordinary deflection formula 
for helical springs affects only shghtly the torsional modulus. 
It is the author’s pleasure to acknowledge the assistance of 
the Cook Spring Company who furnished all the wire and pre- 


ared all the springs. Most of the determinations were made by 
Calvin H. Corey 


DISCUSSION 


Written Discussion: y E. W. Stewart, Wm. D. Gibson Company, 


Having been engaged for many years in the daily application of the 
ts to which Prof. Wood refers in the practical as well as research side 
tual spring manufacture, the most surprising thing about the results 
d is that they would vary to the extent indicated. The result of 
estigations as referred to in Prof. Wood’s paper, was an average of 
many tests, some by myself, but more of them by my colleagues 
lroendly and G. V. Pickwell. We all used the same instruments, 
were not quite as accurate, perhaps, as the set-up worked out by 
Wood, but accurate to a maximum error of .001 inch, and as we were 
ich larger loads and longer deflections our results should have been 


the same order of accuracy. In over a hundred tests we found the 
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entire range of variation in modulus in drawn steel wire to bi 
or minus five per cent by the deflection method. In the 


terials the variation was greater, as might be expected. 





nonte! 








It is our standard practice to calculate the dimensions for th, 
every order for springs specified to a definite load at a definit: 


to a required scale per inch, or both. 





We are using the followi: go 









BEOGl WiTG. CGTEWH) 266 0ek sc ieuinsess 11,500,000 
SUN IO 0 i hr ae alk a geo 6,250,000 
Brass (0.65-—0.35 to 0.70-0.30)........ 5,000,000 


Monel 


ee ae at le’ ete Gaon Sh satan ot Saal WN ao 9 200,000 








We find consistently that these constants will 





«A 





figure to 
mean of the variation encountered in 





a run of springs made to the d 






u 
sions obtained by using them. It is common practice in the spring busines 
to require, and for purchasers of springs to allow, a variation plus or mir 
10 per cent from a specified load on ordinary commercial springs. (Clos 


work than this usually involves individual scale testing of the 


iu 







and working closer than plus or minus 5 per cent is difficult and expens 
even with scale testing. All this, however, is much more attributabk 
other variables than to variation in modulus. As Prof. Wood has indicat 
the stiffness of a spring varies directly as the fourth power of the 


diameter, whatever material may be used, and inversely as the cube 








the mean diameter of coil. Mill tolerances on wire diameters, to 
fourth power, and manufacturing variations in coil diameter, cubed, add 
to variations in the number of coils active, in compression springs, becaus 
of variations in end closing, all contribute to the total tolerances in | 
in the finished product. 

The moduli, we find, are the most constant and dependable of 


variables with which we have to contend in actual manufacture, and 









well that this is so, as otherwise our tolerances would need to be 
still. 

Written Discussion: By Joseph K. Wood, Consulting Engineer, 
York. 

In the paper presented W. P. Wood touches upon a very important 
phase of the spring problem, a phase greatly in need of a thoroughly con 
prehensive investigation. At the present time the Special A. 8. M. E. Ri 
search Committee on Mechanical Springs with the cooperative support of 
the A. S. 8S. T., S. A. E., A. S. T. M. and the financial support of a larg 


number of prominent industrial concerns ineluding spring manufacturers 










is engaged in such an investigation simultaneously with other investiga 
tions involving fatigue, fatigue-corrosion, hysteresis and vibrational chat 
acteristics of springs, ete. 

Mr. Wood uses the ‘‘deflection’’ method to determine the torsiona 
modulus of elasticity of a number of steel, phosphor bronze, brass, a! 
monel metal wires which materials are fairly representative of the genera 
types used in spring design. He eliminates ‘‘end effect’’ errors by obser 
ing the decreasing distance which increasing load produces, between tw 
hair lines scratched on coils sufficiently remote from the ends. The writer 
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OS 


11) | 
1 ef 


deflections in this manner with satisfactory success, although 


be stated that the personal equation enters somewhat into the ae- 


results obtained with the cathetometer due to the many adjust 
suired during the course of making measurements. The method of 
g or reducing load friction is a very good one but the suggestion 
here that the movements of another pair of 


liametrically opposite Mr. Wood’s be observed 


fine seratch lines 
as an added precau 

by optically reflecting the line of 
athetometer. Mr. Wood is to be 


( 


sight or by using an addi 
congratulated on obtaining such 
eurate results which are a valuable contribution to the spring art. 


wing remarks therefore should not be considered as eontrary to 


modern developments I wish particularly to 


varning as regards the general application of Mr. Wood’s 


this clear it should first be understood that the 


sound a 
results. 
modulus of elas 
either tension or torsion is a physical constant of the material, 
ned by the most direct measurements of unit 
tion. Now 


stress and unit de 
in the deflection formula for round helical springs there 
numerical constant of ‘‘8’’ which is generally understood as 
pplies 


} 


to all sizes of springs while experience has shown that 
the ‘‘direet measured’’ torsional modulus of elasticity only is consid 
the ‘‘numerical’’ constant is not always equal to ‘‘8.’’ Hence the 
| wish to point out is that variations of the numerical 
erroneously be 


constant 


charged on the books as variations of the torsional 


is of elasticity. It so happens that for the particular wire and coil 
uvestigated by Mr. Wood the ‘‘numerical’’ constant is fairly con 
except where the coil diameter is three times the wire diameter. 
shear rises very rapidly and contrary to Mr. 


\’s conclusion in paragraph 38, page 980, his results for steel 
ptible inerease in the modulus for the 3 to 1 ratio. Now 


ww this ratio the linear 


show a 


the point 
0 stress is that this increase, although slight and not so important 


l 
sh fT 


ease, should in all probability be charged to the ‘‘numerical’’ con 
and not the modulus of elasticity. This 


+ 
7 


consideration assumes sig 

importance in the ease of very large springs. 

\nother comment I wish to make concerns the effeet of overstrain on 

dulus of elasticity. It is a practice among spring manufacturers to 

id certain springs in order to raise the apparent elastie limit in 
This shortens the fatigue life of the spring and also produces a 

hysteresis ‘‘bow’’ in the load-deflection curve 


between the origin 
apparent elastic limit. 


The latter effeet will give rise to variations 
modulus of elasticity depending on what increments of loads are 
i. Seasoning the springs by long periods of rest or low temperature 


ng will reduce this overstrain or ‘*bowing’’ effect on the load-de 


curve thus causing further variation of the modulus of elasticity. 
fain it might be pointed out that the ‘‘direect’’ measured torsional 


s and the ‘‘deflection’’ or indirect measured 


torsional modulus will 
eciably different for square wire springs due to the distortion of the 
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square section when the spring is wound upon the mandrel. 
should be 


This 
charged to the numerical constant and not to the mod 


Finally I wish to diseuss the matter of torsional modulus p 








the material standpoint and not from the standpoint of the effect 
tions arising from the form of the spring. 





Here again it should 
quite clear that the moduli of elasticity determined by Mr. W, 

be limited to of composit 
In the body of the paper and particularly in the 3rd par 
To illustrat: 
in question I might refer to the results of my tests on musie wil 
Table I, 974 of Mr. Wood’s paper. This 


spring steel wire which usually contains about 0.85 per cent carbon 











in their application materials similar 











size, 








the abstract there is no qualification of this kind. 








were quoted in 





page 





duced by considerable cold drawing in order to attain high elasti 








As a result of this treatment the density of the 








Mor the 0.020-inch wire under discussion the density of the steel 



















































































creased to about 0.285 pounds per cubie inch, an increase of about 


1S 


iin 


WW 
Wal 


S 


YY 


steel is slightly increas 


cent. Now it is fairly well known among physicists that with the exe 
tion of the break made by the copper alloys the modulus of elasticity 
either torsion or tension varies directly as the density and eve 
the copper group this relation seems to hold. Granting this fact th 
sional modulus of elasticity for music wire of small diameter should 
about 2 per cent greater than for the steel wires tested by W. P. W, 
that is about 11,800,000 which is the figure obtained by me and quoted 
Table I. In regard to phosphor bronze of the general composition used 
Mr. Wood in his tests I would say that his results confirm those of pr 
vious investigators. For example W. G. Brombacher* obtains a torsiona 
modulus of about 6,500,000 using the ‘‘deflection’’ or indirect method 
measurement. The writer uses a figure of 6,300,000 in his design worl 
and has quoted figures between 6,000,000 and 6,500,000 in articles. 

In Table 2, page 20 of an artiele by the writer on ‘‘A Code of Design 
for Mechanical Springs*’’ the writer gives the tensile moduli of a numb 





s 


of metals and specifies elsewhere in the paper that the corresponding to: 





rtorn 


sional moduli be derived by using the multiplication factor 2/5. Pi 





ing this operation for 





some 


of 


the 


metals the 


following torsional modu 










are obtained: Monel Metal, 9,200,000; Nickel Silver, 6,800,000; Phospl 
sronze, 6,400,000; Brass, 4,800,000 and Duralumin, 2,400,000. 
In conelusion I would say that the only proper way to solve tl 


problem of modulus variation would be to conduct a thorough investiga 
tion covering all contributory factors such as size, overstrain, method 

The A. S. M. E. Mechanica 
Springs has included such an investigation in its research program a! 
Mr. Wood’s 


considered as unloading an important even though small portion of this 


measurement, ete. Research Committee on 


. , 43 nla } 
results insofar as they apply to actual conditions, should ) 


burden. 





1Mechanical Engineering, May, 1926, Vol. 48, pp. 488-491. 





2Journal of American Society of Mechanical Engineers, 1925, Vol. 47, pp. 713 to 718 
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Author’s Reply to Discussion 


thank E. W. Stewart and J. K. Wood for their helpful dis 
this paper. 

ewart rightly emphasizes the faet, as borne out by his investi 
the torsional modulus is one of the most constant factors to 
th in spring design. He reports less variation than is noted 


ults presented in this paper. The present investigation was not 


with the idea that there might be any fundamental variation in 


is in similar material of good quality, but to ascertain just what 


should be used and whether or not the determination of the 


by the deflection method involved variables which caused ap 
riations in the modulus. 

K. Wood very clearly points out that there are factors in the 

method, which cause apparent changes in the modulus. One 

st important is the constant which is usually assigned a value 

s very nicely explains the high values for the modulus deter 
springs where the ratio of wire diameter to inside coil diam 

approximately 3 to 1. 

vhat as a corollary to J. K. Wood’s 


rectly with the density, it has been 


t 


statement that the modulus 


my observation in making 


tests in connection with the torsional modulus that the quality 


etal produces noticeable changes in the modulus. This, of course, 


lue to concurrent changes in density since a very poorly processed 
undoubtedly exhibits different density than a clean uniform sample 
same material. 


am glad that J. K. Wood ealled attention to 


+h 


the fact that the re 
is investigation should not be 


given too wide application out 
the materials herein reported. That was exactly my idea and was 


on that I reported all chemical compositions and sizes though |] 


definitely refer to it in the body of the paper. It was my purpose 


idy the usual types of material used in mechanical spring d 


S 


ought out by this paper and the discussion, it may be said in 


that the following factors influence the accuracy of the de 


of the torsional modulus by the deflection method: 


Measurement of spring dimensions 
Measurement of coil deflections 
Presence of stress components 
Density of the metal 


Quality of the metal. 


other than pure torsion 





THE APPLICATION OF SCIENCE TO THE STE; 
INDUSTRY—SECTION IV 


By Dr. W. H. Harrienp 


Abstract 


The addition to steel of special alloying elements 
produce certam de strabli characteristr Ss is ad conpa 
tively recent de velopment. The progress along this 
howeve iz has hee n quate rapid and we now use many 
loy steels. The author has divided these many steels iy 
hwo YJroups, ordinary alloy steels, and Spe eral alloy ST 


) 


teels 

The first group cludes the steels produced wath t | 
object mn ve uw oT obtaining excelle nt mechanical cha 
acteristics as ad Ve sult of heat lreatment. The SECON 
group of steels usually contain greater quantities of thi 
alloying elements and are intended for purposes oth 
than merely improved mechanical strength, such as wea 
resisting, acid and heat resisting, magnet and to 
steels, ete. 

The chromium and chromium-nickel steels in mos 
common use are described, considering mechanical prop 
erties and capacity for being shaped as well as the cor 
SION VE sisting characteristics. 


SPECIAL STEELS 


T WAS due essentially to the development of armaments it 

pre-war decades that the metallurgy of the special steels 
evolved so rapidly. It might conversely be put that the metal 
lurgical advances in themselves made possible the form and mag 
nitude of warfare typical of the World War. The modern battl 
ship, destroyer, submarine, airplane and the armored tank, 
gether with their armaments, were impossible but for the colla 
tion of the engineer and the metallurgist. Posterity alone 


give judgment as to the ‘‘merit’’ of making possible the 


tions under which the war was fought. In any ease, thi 


few decades have shown that a valuable ‘‘special steel’’ n 


This paper is the fourth section of the third Edward De Mille ¢ 
Memorial Lecture presented before the tenth annual convention of t! 
held in Philadelphia, October 8 to 12, 1928, which is being publis! 
sections in consecutive issues of TRANSACTIONS. The author, Dr. W 
field, is director of the Brown-Firth Research Laboratories, Sheffield, 
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is been created which will serve equally the arts of peace 

of war, and it is essentially from that point of view that 

tter should be considered, The oTeal services ot power 

on; transit by land, sea or air; the production and prep 

ot food: not to mention the multitude of services available 

the utilization of mechanical devices based upon steel. In 

e fields of activity, efficiency can be materially increased by 

use of the valuable characteristics of the special steels, 
except in limited circles, are, as yet, insufficiently known. 

must look in vain for records concerning the ballistic 

es of the gorgeous suits of armor produced by our fore- 
Romantic literature contains indications of somewhat sud 
‘hievements, as When Robin Hood cursed ‘‘that coat of 
mail.’’ If, instead of Spanish mail, the arrow shot by 
Greenwood friend had simply needed to pass through ‘‘ honest 
armor,’ a second shot would have been unnecessary! 
indicate a passing from iron to hardened and tempered 

The early understanding of the production of steel by the 
irburization of iron soon led to a Inastery of the art of hardening 
empering, as is perhaps best exemplified in some of the ex 

ent early swords, which may still be studied, produced by fa 
us sword makers. Such carbon steel may be so hardened and 
empered that it is either hard and brittle, or hard and tough, 
nd practical experiment no doubt led to an empirical under 
standing of the treatment processes sufficiently reliable to give 
fame to.the most successful exponents of the art at a time 

hen the world was literally ruled by the sword. The steel avail- 
le, however, was only carbon steel, it did not even contain any 
juantity of manganese, and could not be hardened unless the 
form in which it was treated was small, as in the case of a knife 
rasword. The exquisite temper required could only be obtained 
adequate hardening preceded the necessary careful tempering. 


ntil the discovery of the crucible process by Huntsman in the 


arly part of the eighteenth century, carbon was mainly intro- 


iced into iron by the cementation process, i.e., by exposing the 


ars of iron, packed in charcoal, to a high temperature for a 
onsiderable time. The bars of carburized iron so produced were 


hammered to the form required. It will be seen, therefore, that 


omparatively recent times, steel was only available in too 
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a quantity to permit of the development of the present me- 
al age. 

Was the introduction ot Bessemer's process, followed rapidly 

of the Siemens-Martin open-hearth, which permitted en 

rs to envisage the use of the present tremendous tonnage of 

<f These processes made possible not only a great tonnage of 

teel. but also ingots of considerable size, thus making possible the 


ition of important large forgings for engineering purposes. 


l ‘rucible process was still retained for the manufacture of 
steels, and, indeed, IS still used for the highest qualities ; the 
processes were developed for the production of low carbon 

steel for ship plates, sheets and structural steel; while from steel 

ntaining a medium earbon content, the necessary rails and tires 
the great railway expansion were produced. As time passed, 
large ingots came to be made, but still of carbon steel, and 

ng to the need for toughness, the carbon content was kept low. 
vas only in the last decades of the nineteenth century that 
influence of alloying nickel, chromium and other special ele- 
ents became known and practiced. Indeed, it can be said that 
intil the beginning of the present century, comparatively little use 
vas made of the accumulating knowledge of special steels. The 
levelopment of the motor car, and of the airplane engine, covers 
period ot the rapid extension of the use of such steels. and. 
ndeed, many of the parts even of the mass production cars in 

\merica and Kurope will be found to consist of excellently heat 

treated alloy steel of high mechanical characteristies. 

As will be discussed later, the plain carbon steels, owing to the 
that when the masses became large they could not be 


lequately heat treated, are generally used in the rolled or nor- 


mali 


ized condition, and, therefore, consist structurally of the two 
‘onstituents pearlite and ferrite. In very mild low earbon steels, 
they consist of ferrite, i.e., pure iron crystals, with areas of the 
strong duplex constituent pearlite sparsely distributed through 
uit the mass. In Table VI will be found the results of attempts 
to abuse this type of steel, and it will be observed how 
‘Tool-proof’’ it really is. With higher carbon content, the relative 
roportion of pearlite to ferrite increases, thus resulting in the 


rease In hardness and strength. With higher carbon content. 











and 





Dunean, N. E, Coast Institute of Engineers and Shipbuilders, March 
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the steel becomes more susceptible to wrong time-tempe 
treatment. 

The point which it is desired to make is that whether 
considering locomotive crank axles, or marine shaftinge, one 
look upon the metal, not as ‘‘steel,’’ but rather as a conglo 
of ferrite crystals and pearlite. It is to the presence of the re 
ly large ferrite crystals that one must look tor the explanati 
the low fatigue values possessed by earbon steels when con 


with the special alloy steels. When the mechanical characte: 


of steels are carefully considered, it will be agreed that freq 


the essentially determining value, from the designer’s po 

view, is the fatigue strength. A part must for its life success! 
resist a repeated stress, or a reversal of stress of a certain 

nitude, and the higher the strength of the material in that 
spect, and the greater the reliance which can be placed upo 
homogeneity, the higher will be the efficiency of the desi 
productions. The work of Gough, Haigh and 


Lea in Enel 
Moore and Kommers in Ameri¢a and others, has, during th: 


decade or two, done much to increase our knowledge concer) 


the response of steel to conditions where failure from fatigue mu 
be safeguarded. This is beautifully illustrated in some ot 
parts of a modern airplane engine, where hardened and tempered 
alloy steels of very high fatigue values, produced under tli 
technical conditions, are used, and factors of safety are emplo: 
which would not be even considered under many of the extrem 
empirical conditions where the engineer is responsible for m 
massive machinery produced from the low carbon steels usua 
employed. It is sometimes not appreciated that the cranksha 
of a good motor car, for instance, in its ‘‘useful’’ life may 
mitted to 200,000,000 reversals of stress. <A propeller shaft 
large ocean liner in recent years, made of mild carbon 
smashed in service after approximately 677,000,000 reversals 
stress over nineteen years, the fracture, it is understood, showed 1 
‘*defect.’’ 


The hardness and tensile strength are increased in 


~ 


carbon steel by increasing the earbon content, but, whilst 
fatigue strength is increased, it increases disproportionately 
other values just stated, and, at the same time, the ductilit 


capacity for plastic deformation rapidly decreases. Refer 





} 


Sueh 


tals and pearlite in the 


ng place. 
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Table VII 
Carbon Steels 


4 quantitative consideration of this effect 


VII will enable 


‘reasing the carbon content. 


is the result of so modifying the balance of the ferrite 
conglomerate of which the steels con 
In mass of any magnitude, the great advantages of heat 
be obtained with carbon steels. For the hard 


nt cannot 
be attained at which it econ 


of a steel, a temperature must 
a homogeneous solid solution, and then cooling must be so 


is to prevent the transformation to the normal constituents 


In carbon steel, such rapid cooling is necessary that 
n the thinnest sections is it practicable to obtain the hard- 
‘ondition. The addition of nickel, chromium and other se- 
| elements results in the transformation from the solid solu- 
being so slowed down that the metallurgist may, with 


State 





Table VIII 
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--hardenin 


65.000 


»g () 


65,000 


chromium 


molybdenum 


Chré 


210.800 
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ymium 
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ating exactitude, advise modifications of analysis suit 
the suecessful hardening of even extremely large masses. 
mass is hardened, it may be tempered to give, in its final 
ereatly enhanced mechanical values. Hardness and 
nsile strengths are obtained with proportionally much 
fatigue strengths, and with incidentally much greater ca 
or plastic deformation than in the case of carbon steels 
ar mass. 
the first place, it is necessary to record that the addition ol 
nese in quantities varying from 1.6 to 0.4 per cent, in the 
mer and open-hearth processes, really constituted the first de 
nt in ‘‘alloy’’ steel production. Apart from the strictly 
irgical values ot this manganese content for deoxidation 
ses, it was found that with manganese present, steel of the 
rbon content had materially greater strength, the pearlite 
ving a greater volume than in steel not containing the man 
practice subsequently in later years stabilized the man 
content in these steels with fairly narrow limits; henee, 
of its presence being a constant, its influence became taken 
vranted. Generally speaking, ordinary Siemens-Martin open 
acid steel contains 0.5 to 0.7 per cent, Siemens-Martin open 


basic steel contains 0.3 to 0.5 per cent, whilst the Bessemer 
s generally run 0.8 to 1.0 per cent. 
Strietly speaking, however, there are sufficiently numerous 
ptions for more interest to be taken in the influence of the 
ment on the properties of the steel. 
The influence of manganese being confirmed, it is not sur 
that the next element to be alloyed with the steel, in 
ity, was nickel, and it was soon found that 2.0 to 3.0 per 
of this element resulted in still further enhanced: mechanical 
roperties for similar reasons as in the ease of the manganese. 
We now come to the practice of hardening and tempering al 
steels. It was found that with the manganese and_ nickel 
even oil-quenching resulted in reasonably effective hard 
of fairly heavy sections, and it was found that such steel 


Y lently tempered was of excellent properties. The addition 


hy 


omium along with nickel still further improved the possi 


ties of treatment, and thus arose the nickel-chromium steels. 


lent experiments justified adding to these already complex 
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the following classes ot steels require eonsidering : 


steels 


ot 


contents, 


steels the elements vanadium, molybdenum and, oceasiona 


‘ ‘ibstantial 


or 


small quantities of chromium, also provided useful steel] 


Is 


Niekel-chromium-vanadium steels 


Nieckel-chromium-tungsten 


Chromium 
Mangan 
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to dis@uss as ordinary alloy steels, since the simple obje 


nickel 


these 


chanical strength, 


‘ial. 


content. 


further 
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steels come 


tempered steels. 


in the 


By 


nhaneces the 


adding 


in 


stee 


the class 


steels 


s 





charaeteristies. as a result of heat treatment. 


elements, other valuable characteristics than merely 


which 


steels 


the 


In 


Tabl 


valuable steels were developed by tT} 
addition of chromium, or chromium plus a little vanad 


2? (0 per cent Was found. 


sili 


author 


in each ease, is to facilitate the production of excellent mi 
Vill 
found an indication of the characteristies of such harder 


e 


There is another class of steels of great importance, 


by the addition usually of much greater quantities of thi 


ordinary sense, are conterred 


» eOoRerelve 


5 to 6 per cent 


force 


tungsten, 


obtainable 


This class the author proposes to designate 


cial Alloy Steels. 


from the further increase of the chromium, alone with a 


Improy 








as used for eutlery, is produced; while acid-resisting steel 


For instance, by adding 14 per cent mat 


] 


unique wearing and nonmagnetic properties may be obtain 


adding 12 to 14 per cent chromium, stainless and nonrusting 


~ 


per 


alte 


Steels of high magnetic permeability are achieved 


ing silicon or aluminum. 


magnet steel is produced ; while the addition ot ehromium or 


An exceptionally low coefficient 


Heat-resisting steels of great value are produced by the 


pansion can be obtained by alloying a high percentage 
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ible quantities, of chromium and = silicon: chromium, 


Invsten:; or chromium. nickel and silicon. Lastly, one 










on the high speed tool steels, where tunysten, chro 

ddenum, vanadium and cobalt are alloyed in varying 

th invaluable results as regards cutting character 

vill thus be seen that the following important classes of 


ch worthy of caretul study 
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\\ ear Re sisting Ni ee IS 


en problems of wear have to be dealt with, a reasonable 








venerally found either by the employment of: 





l4 per cent manganese steel 
1) \ir-hardening nickel-chromium § steel 
High carbon-chromium steel 


CASE hardening steels 












Steel capable of nitrogenization 






regards 14 per cent manganese steel, which might be con 
e the original alloy steel, and for which we are in 
d to Sir Robert Hadfield, the literature on the subjeet con 
ns adequate information. ‘The steel contains 11 to 14 per cent 
nganese, With 1.0 to 1.5 per cent carbon, and is in its best con 
n for resisting certain types of wear when it has been tough 
y quenching from a temperature of approximately 1830. to 
20 degrees Fahr. L0OO to 1050 degrees Cent.). The steel is 
ely interesting as being austenitic and practically nonmag 


lt has the capacity for rapidly work hardening, which 






Kes this steel particularly valuable. Its one disadvantage, how 


that it tends to deform under heavy loads, and henee, al 







izh its sphere of utility is large, there are definite limitations 
ts application. For dredger buckets, stone breaking machinery 


similar allied applications, the material is eminently satisfac 
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The air-hardening nickel-chromium steel has pro\ 
able for numerous small highly finished wearing parts, p 
for gears. The analysis generally employed is as follows: 

Per Cy nt 
Carbon ee . ce Seals to wv 
Silicon hes eR bt ae max, 
Manganese : tinveeeeones eae SO G0 
Sulphur ..... ih gi Seite abe eee s> max, 
Phosphorus ‘ on ‘ ‘ ce) mlaN, 


Niekel ; ‘ or ’ i de : s to 4.5 
Chromium acai at 4 to 1.5 


After hardening by air-cooling from a temperature 
to 1508 degrees Fahr. (800 to S20 degrees Cent. . toll 
tempering at about 480 degrees Fahr. (250 degrees Cent. 
view to reducing the residue of internal stress, test valu 


following order are obtained: 


Yield Point, pounds per square iIneh 190,400 to 
Maximum Stress, pounds per square inch . 224,000 
Elongation, per cent ........ at 6 ; 16.1 
Reduction of Area, per cent 

Izod Impact, foot pounds 


The earbon-chromium steels are manufactured in lare: 
tities in Europe, and are particularly used in connection 
ball and roller bearing industries, and also. for die blocks 
following analysis may be taken as representative : 

Per Cent 
Carbon = .. 0.95 to 1.05 
Silicon ... f 0.15 to 3.0 
Manganess ek vawpevan Mea te. a0 
Chromium ... ee da ce, Eee BO 3S 
Sulphur 0.04 max. 


Phosphorus Jewsvwnes OOS MOx. 
0.25 max. 


The material is hardened by quenching in water from 
to 1540 degrees Fahr. (820 to 840 degrees Cent.), and is 
this condition, when it has a Brinell hardness in excess of | 
a very high Shore value. The author considers this an ext 
successful steel. 


Case hardening steels have received so much attent 


they need not be diseussed at leneth. It is now definite 


lished, when considering case hardening steels, that a p! 
mild steel. 1.e., the absence of special elements, when ad 
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ened, gives the hardest surface of all. If the general 
i the part is put into a satisfactory condition by suit 
prior to the hardening operation, it must be agreed 
I'\ eood article IS produced. lf a stronger core Is re 
s customary to add to the steel either 3 or 5 per cent 
| at times, chromium in addition to the nickel. There is. 
definite evidence that these alloy case hardening: steels, 
Ing a core of much greater streneth, do not POSSess quite 
hardness value as regards the surface. 
process of nitrogenization is relatively new, and is the 


’ 


researches of Fry of Essen with subsequent developments 
‘a and Europe. In this process a chromium steel con 
out 1.0 per cent of aluminum with or without the addi 
ther elements 1s used. and the steel, after being pul into 
heat treated condition, and machined to shape, is given 
ned surface by exposure to ammonia gas at a temperature 
932 degrees Fahr. (500 degrees Cent.). An intensely 
surface hardening is obtained, and undoubtedly there is 
for the application in many useful directions of the use of 
and this method of hardening. The steel and the process 
owever, at the present time being developed, and it cannot 
that present procedure constitutes finality. It will be quite 
at a process of hardening which can be carried out at a 
heat cannot but be invaluable, owing to the great lessening 


danger from distort ion. 


Magne { Steels 


(his subject was dealt with in a most interesting manner by 
J. A. Mathews. Apart from plain carbon steels, the following 


s have been used for making permanent magnets: 


Tungsten magnet steels 
Chromium magnet steels 
Tungsten-chromium magnet steels 
Cobalt magnet steels 


Cobalt-chromium with similar steels containing es 


entially large amounts of cobalt. 


Tungsten steels. Of these. tungsten steels are the most 
They contain approximately 6 per cent tungsten and 0.6 
per cent carbon. To obtain the best magnetic properties, 


quenched in water from 1562 degrees Fahr. (850 degrees 
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and are used 
cent 


and 0.75 per cent carbon, 72 


in this 


earbor 


10.000 to 11.000, 


these 


fivures 


maintaining 


~190 Gegrees 


reconditions 


mavnets. 


steel. owing 


Chromium 


recommended 


chromium, 


Gaumlieh'!'* 
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Iy 


recommends 


from the given composition. 
that 


are 


th 
Kah 


terial to JUS2 degrees Fahr. 


the 


(‘are must 


to the 


in an oxidizing atmosphere. 
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Till 





condition 


able depends larwely on the carbon content 


} should | 


one containing 0.65 per cent carbon, 63; 





The coercive fo 

A tunesten 

Ve a CvVuereive 0) 
() 10 per cent 


The remanence in 


The figures quoted for the coercive force are the 


It frequently 


all e; 


int? 


het 


happ 


not reached im practice, duc 


material 


i. 


r. (7OO ane 


at this temperature before quenching. 


150 devrees Cent. 


material 


readiness 


also be 


at 


L 1200 


Rehea 


the 
taken 


with w 


magnet steels. 
Various Investigators 
\dams and Goeckler' 


this steel gives a coereive force of 


0 per 


Oil-quenched from 1580 degrees Fahr. 


70, 


cent 


when oil quenched from 1625 degrees Fahr. 
ly superior to those with 4 per cent of chromium. 


cent carbon and 1.4 per cent chromium, as the following d 


lor 


ot 


tions under which the material has been prepared. — It 
that 


190) and 


Ltemperat Wres 


dev rees  ( 


a deleterious effect on the subsequent magnetic propert 


effeet, which has been given the name of ‘‘spoiling,’’ o 
rapidly at temperatures of about 1740 degrees Fahr. (9 
Cent, It also takes place fairly rapidly at the hardes 
perature, and the material, therefore, must not be held 


the 


follows (| 


tine 


purpose | 
heatin 


de 


in 


hich it 


A variety oft composi 


Mavnel 


recommend 


eent carbon and 4 per cent chromium as the optimum pe 


st 


with a 
ehromiun 


SSS) deg re 


gives coercive force 72 and remanence 9,600, and values 


We, 


have, however. obtained rood results with steels contain 


ny 


rethatyé 
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the higher chromium steels, ol-quenching is recommended, 
the majority Ol causes depending on the cross section 
her values for the coercive force, but with somewhat re 
lues of the remanence, Further, in otl-quenching, the ma 
not so prone to cracking. According to Evershed, chrom 
are even more conducive to spoiling than tunesten steels, 
ormation on the spoiling effect and the proper recovery 
for the former steels, does not appear to have been so 
lly investigated as has been the case with tungsten steels. 
Tungsten-chromim magnet steels. The addition of O.75 
cent chromium to ordinary 6 per cent tungsten magnet 
ppears to imerease the coercive foree slhehtly without ser 
tYectine the remanence.  Parkin''’ used steels containing 
O80 per cent chromitun with 6 per cent tungsten, and ob 
the best results with 0.6 per cent carbon. Ile, however, sub 
all his steels to a normalizing treatment of between 1510 
1740 degrees Fahr. (S20 and 950 degrees Cent.), and his re 
therefore, are somewhat vitiated by the spoiling they so ob 
Kvershed considers that the addition of chromium renders 
terial more liable to the effect of spoiling, and also renders 
ltra-heated condition more persistent, 
and (e) Cebalt magnet steels. Cobalt magnet steel, dis 
ed by Tlonda and Takagi, the Japanese workers, in 1917, con 
essentially of 50 to 40 per cent cobalt with O.4 to OLS per cent 
on. In their patent specifications, they, however, extend the 
eontent to ZO to 60 per cent, and also include 38 to 9 per 
of tungsten and 1.5 to 3 per cent of chromium. The material 


oul quenched from 1740 to 1830 deevrees Fahr. (950 to 1000 


s Cent.), when it has a coercive force of 22O to BOO. coupled 


i remanence in the nerghborhood of 10.000 On account ol 
h coercive force of this material, maenetization is cdiffieult. 
S necessary to use very high mavnetizine fields L400 eas. 


in order to get saturation and to yield the high figures of 


Carnegie Scholarship Memoirs, Vol, XIII, 
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similar articles, 


tion or heat 
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ments are beinew made, 


literature 


with 


measurements. 


sults in low fields. 


INS AC 


remanence and coercive force quoted. 
LOO ¢.2.s. 


nection with the manufacture of 


contains 


Particularly 


al 


similar to that employed by 


instruments 


It is very difficult 


treatment. 


from a magnetic point of view 
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Pe rmeability of Steels 


turbine 
little data 


view 


Nation 


checked 


the 


were 


from these tests 


A general survey of the whole of th 
sults, however, indicates that 


Ln 


units, and the coercive foree 180 to B2O. 


forgings. 


With a magnetizing 


Our interest in this aspeet of matters arises largely 


dealing 


to determining 


and 


from 


fact 


it 


Physical 


units, the remanence is of the order « 


Since the discovery of the above cobalt magnet steel 


containing varying amounts of cobalt with additions of ot] 


Scient! 


with that 


although much has been published as regards the transforny 


useful is a summary of data 
World Power August, 1927. 


The following is a statement of the maenetie results obt 


what 


results are affected by composition and heat treatment. 
Typical results are collected in Table IX. 


cases were taken from the heat treated forging, 


Samples 


machined do 


calibrated 


ments was periodically checked by a standard bar, which ha 


National Physical Laboratory and the accuracy of the m 


in the Brown-Firth research laboratories on turbine forgines 
(1) 


properties might be expected on these articles, and (2) hoy 


it} 


| 
cits 


submitted to the National Physical Laboratory for their ma 


finished 


Increase of carbon tends to produce inferior results 
tends to enl 


Nickel up to 4 per cent tends to enhance the magnetic 


for 
to correlate the magnetic results with either variations in compos 


(2) Small amounts of nickel up to 1 per cent are not detrim 


erties in high fields, but there is a danger of getting por 


Labor il 


ren? 
h } 


the magnetic properties except in very low magnetic field 


Magne 


%Q inch diameter, and tested by a ballistic method in a ring yo 
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romium in 3 per cent nickel steels tends to produce interior 
sults. 

ere does not appear to be much to choose between air cool 

from the annealing temperature in straight carbon steels, 
d the same treatment followed by a low temperature tem 
ering, so long as the required mechanical properties are ob 
ned, 

Even with the same analysis and heat treat, variations in mag 
tic results are to be expected, One cannot find an explana 
on of these variations. There are so many unknown factors 
hich might affect the magnetie properties. 

In order, however, to obtain a better idea of the intluence of 

osition and heat treatment, Table NX has been ineluded. This 
‘contains the results obtained on material treated in the form 

ars ®o inches in diameter. The influence of carbon and nickel, 
stated above, is clearly shown. In all cases, slow cooling from 
annealing temperature (cooling down with the muffle) gives 
best magnetic results, although there is a tendency for the air 
ed condition being slightly better in high magnetie fields, ex 

n the case of the mekel-chromium steels, where, owine to the 

deney to air-harden, interior results are obtained when the ma 

il is air-cooled from the annealing temperature. Table X also 

ludes the influence of elements other than those usually used in 
ings of this type. From these it may be inferred that 1 per 


‘ 


of copper is practically without influence on the magnetic 


l 


yperties, While 1 per cent of manganese is detrimental, especially 


low fields. Increasing the silicon in these materials to 1 per cent 


es not produce superior magnetic results, even in low magnetic 
ds, the indications on the other hand are the reverse. Chro 
im is definitely detrimental, while 2'3 per cent of cobalt, though 
appreciably affecting the results in low magnetic fields, gives 


perior values in high maenetie fields. 


Vonmagne lic Nteels 


There is a limited call for nonmagnetic steels, and, from 
tical point of view, the following steels are of interest: 


| 14 per cent manganese steel 

29 per cent nickel steel containing a little ¢hromium 
Manganese-nickel steels 

Manganese-niekel-chromium steels 


Austenitie chromium-nickel steels 
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lifficeulty of machining manganese steel places that ma 
disadvantage. The austenitic chromium-nickel steels are 
ve, but have a low yield and ean be considered costly. 
~ most in vogue are the nickel steels, the manganese-nickel 


more recently, the manganese-nickel-chromium steels. 


oO; Low ("or Mave renil of Bar pansion 


uly steels of interest are the high nickel steels, and the) 
nm SO adequately dealt) with 1 Cireular No. DS of the 
‘Standards that there is little left to be said. The 35 to 
nt nickel steel has found a limited though extremely valu 
lication, and is a very interesting steel. 
‘oetficient of expansion of invar is 1.19 & 10° per degree 
t this value is reduced hy heating followed by rapid 
and also hy eold work. It is possible by quenching a 
then tempering it to the limit to reduce the coefficient by 
int 1.5 « 10°°, that is to a negative value. If the material 
en reheated for several hours at 100 degrees Cent... the coef 
nt is raised to nearly zero. Invar, with change of temperature, 
snot assume a steady state immediately. It appears that there 
ivs a tendeney to change its length in the direction from 
has come. Thus a meter length which has been brought 
) degrees Cent. immediately after forging increases in length 
it 0.067 Xx 10°* centimeters per minute, while if it is brought 
degrees Cent. after remaining at room temperature for a 
nsiderable time, it will contract at the rate of 0.8 to 0.9 « 10° 
timeters at 15 degrees Cent., the elongation is 0.07 to 0.08 
entimeters per day after forging, and 0.03  10°* centimeter 
day alter annealing to 40 degrees Cent. Again, after a long 
room temperature (10 to 20 degrees Cent.) the contraction 
‘urs after assuming a higher temperature is complete in 
hour at 100 degrees Cent. but continues for several days 
tH) degrees Cent. 
\part from these changes in length following sudden changes 
temperature, there are also other changes that continue for a 
time while the temperature remains constant. Thus a bar 
‘left to itself at any constant temperature elongates slight 


rst rapidly, then more slowly until it gradually reaches a 


length. The higher the temperature, the sooner this steady 
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condition is reached, 






In order to reduce these secular ¢] 
minimum Guillaume employs an aging process consistin 
ing at gradually decreasing temperatures, starting at 10) 


Cent. and ending at 20 or 25 degrees Cent. for periods | 










three months. These variations must be taken into aceou 
very aecurate measurements need to be made with the us 
measuring tapes. 

Invar melts at 2597 degrees Fahr. (1425 degrees Ce) 
a density of about 8.0 grams per cubie centimeter, an ele 
sistivity of SO microhms per centimeter cube, with a tem 
coefficient of 0.0012 per degree Cent., and is ferromagnet 
comes paramagnetic in the neighborhood of 329 degrees Fahr. 


degrees Cent.). The low expansion of invar only applies 


degrees Cent., above which it has an expansion nearly that 


semer steel. The mechanical properties of invar are approximat 






as follows: 


Maximum Stress, pounds per square inch LOS00 






Yield, pounds per square inch "OQ TLO0O 

Mlongation, per cent 
Reduction of Area, per cent ; 1() 
Brinell 












hardness number 











The steel containing this nickel percentage of 35 to 36 
addition of 12 per cent of chromium, is of great interest as havin 
the property of invariable modulus of elasticity over a lin 
range of temperature, 

The only other alloys of which the author has experie 
which are of interest because of their low coefficient of expansi 
are those containing 46 per cent, 44 per cent and 42 per cent 
element, the varvine nickel content resulting in slightly differen 


but sometimes desirable values of the coefficient of expansio 


\ } if 










Subsequent investigations do not appear to have improv 


the original work of Guillaume in this field. 


Steels or High Blectri al Resistance 





While the resistivity of steels of various compositions has 
determined, it cannot be said that such steels are in great d 
The iron-nickel-manganese steels and the iron-nickel-cli 
steels contain useful combinations; whilst chromium-silicon a! 


echromium-aluminum steels, particularly the latter, are 
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ie from this standpoint. It is desirable in some eases that 
teristic of high resistivity shall be accompanied by the 

property and substantial strength at the high tempera 

| from this standpoint some of the acid-resisting chro 
kel steels and the chromium-nickel-tunesten heat-resist 


may possibly prove to have quite a Future 


Causes of Maarlure 


ability has already been mentioned as a preeminent chan 
and it is hoped to discuss such aspects of steel metal 
bear Upon the subject, since even the most costly alloy 
erfectly heat treated, is useless unless that essential fea 


obtained. As regards failures in service, experience shows 


re is frequently some obvious cause. Whether or not the 


- obvious. it is. of Course, existent. The fugitive nature of 
planations of some failures demands a careful analysis ot 
ilities. While discussing failures in service, it is well to 
uit that the explanation of failure is frequently assisted by 
nations of examples which have done excellent service. Too 
examination is made of the latter, and it is frequently the 
that many features ot failures are considered to be had Ones, 
would most likely be cancelled out 1) the same features be 
liscovered in excellent samples. When cases come to the author 
nvestigation, the following procedure is adopted. In the first 
the design of the part and its relation to other parts in the 
hanism in which it serves, are carefully studied, together with 
tual conditions of service, that is, the magnitude and manner 
the stresses the part is called upon to withstand. In this pre 
nary investigation, some idea is obtained as to the possible me 
inical causes of failure. The manner in which such failures 
wild be assisted by inherent undesirable characteristics in the 
Ss is next investigated. The chemical composition is deter 
to indicate the quality of the steel; the microstructure 1s 
mined to determine the thermal treatment to which it has been 
ted, and the macrostructure is developed with a view to 
rmining the homogeneity of the mass. The mechanical tests, 
luding an adequate selection of those available, are performed, 
purposes of comparison, a companion examination of a sue 


] 


ru part Is put through wherever possible. 
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As a result of numerous investigations, failures seem 


themselves in different categories. Treating the matter 














there are two types. In the first one, failures would be 
where the material has rightly been assumed by the eng 
possess strength and freedom from deteets, but when the n 
unfortunately, did not merit his confidence, that is, the 

has failed to live up to reasonable expectations. In th 
category would be placed the wide range of cases where su 
examinations have shown the material reasonably to possi 
erties which the engineer associated with it, but where fail 
obviously been due to insufficient knowledge, or to too empu 
treatment on the part of the engineer with regard to the 


CSSUN 


with which he had to deal. In the first category, one would iy 








cases Where the steel is put to work in the wrong condition: whe 


\ 
\ 


it has reeeived faulty heat treatment; where it has been | 


put 

work in an unstable condition; and, lastly, where the part has bee 
placed into service containing undiscovered actual defects. In t] 
second category, one must include bad design; imperfections 
the technique and production; abnormal stressing (shock 
tion leading to over stressing, ete. 





. cle Lor! 
; an imperfect knowledge of th 
full properties of the steel by the engineer; and, lastly, an 






perfect knowledge of the distribution of stress in the parts unde: 


consideration. Failures may come under either category, i. 







steel may be well below the requirements in strength from one caus 
or another, or the part may be too weakly designed to withstan 
the type and magnitude of stresses which have to be encountered 


There are two further sources. of failure which it i ider 


IS ¢cConsldere 





should also come under the second category, viz., wear and cor- 
rosion. The author recently investigated a very serious cas 


where the failure of a shaft, through corrosion, would have 






prevented had the engineers responsible appreciated the mo! 










simple causes of corrosion. 


CORROSION AND AcIp RESISTING STEELS 


Today, there are alloy steels available which are trul) 
resistant, and others which are so successfully resistant to the al 
tack of certain acids as to have led to revolutionary changes 


construction of chemical plants. The author is old enough 
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the time when the metallurgical world was in a state of 
ih, to Say the least, was pessimistic as regards the Pos- 
| producing such steels, The discoveries were made and 
nt to the essential discoveries came the explanation of the 
Crid. 
luced passivity had first been observed by J. Keir'’’ so long 
1790; in so much as he had observed that iron. after treat 
th concentrated nitrie acid, had lost the property ot pre 
silver from solutions of silver salts, and was no longer 
d by dilute nitric acid. The great Michael Faraday, whose 
was so profound, and whose insight was so great as to 
him to give us the key to many of Nature’s latent faculties 
rve us, gave us In 1836'*' by insight the true explanation of 
such passivity. He reasoned that all known passivity phenomena 
idation processes and visualized that ‘the surface of the 
n is oxidized or the superficial particles of the metal are in 
relation to the oxygen of the electrolyte as to be equivalent LO 
tion.’ It was left to my friend Ulick R. Evans at Cambridge 


stablish nearly a hundred years later the existence of such a 


by actually isolating it. Some eighteen months ago. the 
thor visited Evans in his laboratory and there actually saw this 
hypothetical” iilm under the microscope. The polishing marks 
‘outer surface of the metal were definitely to be seen on the 
sosamer-like patches of films which were floating under the objee 
Are they actually oxide of iron?’’ the author said. and 

‘vans at once caused the reaction and the films turned blue. It 
ay be imagined how deeply impressive was this experience. Here 
as the complete demonstration of the accuracy of the view held 
both of us, that passivity was to be explained by the existence 
this film. Some few years previously'*? we had made an inter 
ing discovery at the Brown-Firth research laboratories whieh 
led us definitely to take that view. We had found that 14 per 
chromium steel, which is rapidly soluble in 10 per cent sul 
phurie acid, was temporarily passive to that acid after it had been 


mmersed in nitric acid which apparently had no effect upon it. 






















































hold TRANSACTIONS OF THI 


Obviously, some profound change in the surface condit 







have been effected. It is considered that Evans’ isolation 


oxide film! is a fundamental and, indeed, monumental] 






work, and it definitely provides a basis for further discoy 


duction and development. 







Vernon'*? has shown that a vauze screen some distan 
the specimen will prevent rusting in the London atmospher 
is a marked advance also. 

ln view of such facts, the author would turn to the consid 
ation of the question as to why iron rusts. May it not be that 
protects itself by immediately forming the protective film y 


brought in contact with certain oxidizing media. and that fa 





to resist, Le., progressive ‘‘oxidation,’” results from the 


ing and local destruction of this film through various causes 







iy 


i ‘ 


causes such as the presence of particles of foreign matter lea 


to damage through local electrolytic etfeets: from loeal eoneent) 







tion of corroding media in dew effects. ete. Incidentally, 4 


tinuous protective film presupposes a continuous metallic 


\ 


face for it to form upon, however, with the dispersion of oy 


silicate inclusions of indeterminate composition, and the act 


‘ tai 


soundness of the bulk of steel produced, even in America 


SCE he SN 


Y and 11), it cannot be considered that such a condition is fulfilled 








The author is of the opinion that ordinary commercial steel car 


in itself, be much improved as regards its resistance to corrosio) 


the extension of our knowledge and application of the laws \ 


physical chemistry where they bear upon steel production from 
standpoint of the manufacture of material free from oxides and 


vas holes. Ile understands that in America claims are being n 







that, irrespective of these considerations, the addition of a littl 
copper improves the steel. This he is interested to hear, but |} 

to have the opportunity, during this visit to the United States, o! 
studying the evidence upon which such claims are made. 


In reheatine and during rolline. the external oxide la . 







formed upon the steel, and attention to the time-temperature e| 
feet, coupled with control of the nature of the furnace atmospher 
cannot be without influence upon the characteristics of the su 
as regards resistance to attack. There is a field for investigatio 
of the greatest importance. 





Evans, Transactions, Chemical Society, 1927. 








“Vernon, Transactions, Faraday Society, April, 1927, pp. 113-1865. 
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eorrosion of ordinary ferrous matet als has recerved much 


n from U. R. Evans, and the author would suggest refer 


series of five extremely useful papers'*” dealing with the 


nhibitive chemicals, protective coatings, formation of rust, 


on of wrought iron as against steel, and the corrosion and 
ts of dissimilar metals. These papers state the present post 


I\ well. 


eannot be said that the early attempts to explain corrosion 
s were suecessful in aceounting for all the subsequently ob 


facts. Failure of metals by corrosion, particularly im the 


| steels, has, as one of its ehiet 


features, the local etfeet of 
It cannot be said that, previous to the researehes of Evans 


Benvough, we had any satisfactory idea of the mechanism of 


form taken by the attack. The old electro-chemical theory ot 


osion proved incomplete when it was found that some of the 
resistant steels and alloys were heteroveneous in) characte) 


Stainless steels, Nichrome but even such heterogeneous resist 
terials fail in certain corroding media by the loeal pitting 
In an excellent review of the whole subject, Carpenter 


s the development of the new electro-chemical theory, and re 


ds us that as early as 1830, Marianini, and later, Warborg and 
tiaskowsky, showed that currents could be 


venerated by varia 


ns in oxygen concentration in the corroding media. The further 


estigations of Aston, Evans, MeKay and Bengough, 


particularly 
he work of Evans and Bengough, 


ean be said to enable us to vis 
e the process of pitting in a way that was not previously pos 


It 1s ditfieult to be eertain as to the cause of this Lvpe ot 


osion in all eases, but it 


yy 
) 


seems reasonable to assume that the 


conditions required are, firstly, a medium which either does 


or which only just attacks the chief constituent of the metal 

pure and under anaerobie conditions, and, secondly, some 
‘tor or factors leading to local acceleration of attack lf the 
condition is not satisfied, any tendency to pitting will be more 
less masked by general attack, and if the second does not apply, 


‘attack will be even. It remains to fix the cause or causes of the 
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Table XI 








Hvdrochlorie Acid Nitrie Acid Sult 
Concen l 20 
Lron Normal trated Normal Sp. Gr Norma ~ 
Klectrolvtic 0.0085 0.0860 0.1147 0.7261 0.Of 
Armco 0.0116 0.1385 0.1406 0.7592 0.0099 
English wrought 11416 0.217 0.1263 0.6399 0.14 \ 
Analy SeS 
Per Cent 
( Mn Si Ss r 
0.025 nil 0.04 0.009 0.004 
0.06 0.01 nil 0.029 0.007 
0.08 0.145 0.07 0.01 0.198 


local acceleration, and the following, in the light of present know] 
edge, are suggested as probable : 

1) Small areas less accessible to oxygen than the surrounding ma 
terial will become anodie to the rest of the material, and 
condition favorable to pitting will exist. Small surface & 
fects and extraneous foreign bodies may Cause trouble in this 
way. 


(2) If a metal is normally covered by a protective oxide filn 


Table XII 
HNO 
Per Cent Brinell ( nceentrated Sp Gil H sO, 
Carbon Silicon Chromium No HC] 1.20 10 per cent Tike 
] 0.08 0.56 10.08 P20) 0.0148 nil 007 * 
9 0.07 0.73 13.296 185 0.0297 nil 09 ! 
0.07 0.77 15.96 141 0.0416 nil 0.276 
small defects in this film, however caused, may produce local “ 
decrease in resistance, leading to pitting. - 
(3) Loeal concentration of corroding medium (moist erystals, ete. 
’ . * . . 1: Tl 
(4) If a material has small areas differing in some way, either 


chemically or physically, from the mass of the material, then 

such areas may supply the accelerating foree, either by elec 

tro-chemical means, if they are anodic to the rest, or possibly 

by virtue of the fact that they are not so chemically resistant 

to the medium. 

One of my predecessors in this lecture, Dr. Guertler,’?* 1 
viewed generally the resistance of industrial metals, and his con 
eluding remarks were—‘‘Seventh; the last point is: we must never 


25W. M. Guertler, “The Corrosion of Metals,’ TRANSACTIONS, 


American Society 
Treating, Vol. XIII, No. 5, 1928, p. 759, 
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to find a permanently durable alloy which will be uni 

resistant to all reagents, but we may reasonably expect 

eautiful development of alloys, each of which has its own 

application. Nor is it likely that we will find an alloy 

vill resist every kind of chemical reagent in the same way. 

line to the solubility or nonsolubility of the ditferent chemi 

mpounds which may form on the surface, one alloy will be 

for one reagent, and another alloy will be better for a dif 

reagent.’ The matter could not be stated more simply or 

iwcurately, and the author proposes now to follow up that 

leisieass of the matter as regards the recent development of rust and 

. l_resisting steels. 

In the first place, tron is the base metal upon which the steels 

ult, and minor differences in its purity and method of manu 

ire are reflected in the resistance to acids, and shown in the 
esults given in Table X1. 

Over the last century, many attempts were made to provide 

rosion-resisting steels by means of added elements, but the 

ethod of comparing the resistance was generally that of immer 

sion in sulphurie acid, or some similar medium, which our present 

owledge shows could not have led to the epoch-makine dis 

very of chromium rustless steels. Such steels were cast, but the 

methods employed failed to detect their latent corrosion-resisting 

properties which could be developed by heat treatment. The in 

luence of chromium is now believed to be that of producing the 

necessary resistance through the creation of a satisfactory oxygen 


containing passivity-producing film. As shown by the following 


data, the presence of chromium gives no protection to sulphuric 
eld ; on the contrary, the steel becomes more readily soluble as 


the chromium increases (Table XII 


Corrosion T' sts 


In all methods of submitting metals to experiments designed 

to arrive at definite knowledge in regard to resistance to corrosive 
tack, there are disturbing factors which either accelerate or re- 

ard the action. Usually the tendency is to accelerate the action. 
There is primarily the manner in which the specimen is either 
suspended in the corrosive medium, or in the other case the man- 


ner 
Licl 


in which the sample iS supported. (‘ontaet with some solid 












1O14 TRANS A 





TIONS 





OF THE 





body, different in composition from that of the metal to b 


is inevitable, and electro-chemical action is set up, which 


the issue. 








There is the question ot oxygen supply to the corrosive 
If 


amount of moisture is relatively small, and the amount of « 





the sample is exposed to normal atmospheric oxidatio 











is large, so that the surface of the steel is constantly bom| 
with oxygen atoms. 





[f, on the other hand, the sample is total] 





mersed in a liquid, (for example, sea water 





there will be diff 
ent degrees of aeration at different points of the specime) 








the top portion will be well supplied with oxygen, whilst th: 





tion which is supported by the containing vessel will be relat 
free from oxygen. 





It has been proved by Evans that differen 
potential are set up by differential aeration, the aerated port 











suffering cathodic protection, while the nonaerated portions 
anodie and attacked. 


many test pieces eorrode ‘ 


are 











This most probably explains why 





‘in contact with the glass of the cont 
ing vessel’? when totally immersed in saline and other solutions. 








marked acceleration in attack at the liquid level. 








Y 
vy. 


example of running 





water (tap water), of 


(as shown by 


the rate flow 
marked effect upon the rate of corrosive attack 


Kriend 


na 








In the statement, of corrosion tests, in terms of chat 





« 





weight per unit of surface area, a possible error arises, in that 

















comparative values of 











In testing in corrosive agents, such as mineral acids. results 





only be comparative, since if action does take place, the solution 








physical state of the metal is also of paramount importance. 





[ts surface condition, rough or smooth, (b) degree, if any, of 
work, 





¢) the heat treatment it has undergone. 








The data presented in this section, unless otherwise st 





have been obtained from experiments conducted under reaso1 


all 


In 


uniform conditions and are, therefore, comparable. 








In a case wher 
the sample iS tested in a liquid in motion. such as in the t\ 10: 


the metal automatically weakens the strength of the reagent. T 


CN { 


97 
alt 


\( 


117 
Gill 


In the case of samples partially immersed, there is frequently 


is often a loss due to solution of the metal and a gain due to oxid 


tion. Endeavors to remove adherent rust by means of reagents 
have not proved successful. In testing corrosion-resisting alloys 
a visual inspection will convey more exact information on th 


particular alloys than any written wo1 
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mens welghed about 35 grams and were cylindrical, having 
er of about 1.25 centimeters. The specimen was totally 
d in a standard volume of the liquid (70 to 80 eubie eenti- 
In each ease a standard polish was given to the specimen, 
finish resulting from the use of 00 emery. Where quan- 
results are given, the figures indicate the loss in weight per 
entimeter of surface for the time of exposure to the eor 
media. 
author finds it difficult even to attempt to deal with the 
im and ehromium-nickel rust and acid resisting steels in 
section of this leeture, as will be understood when it 1s 
that during the last few vears some 15,000 to 20,000 cor 
tests have been made in the Brown-Firth laboratories. The 
ire now established in Britain and are continually being ap 


new and diverse purposes, and this necessitates an exten 


Table XIII 


system of research as regards a very wide range of corroding 
lia, and an exploration of all their physical properties. It will 
appreciated that the exploration and description of the char 
eristics of one steel of a given analysis is a large undertaking, 
nd in the chromium and nickel-chromium series there are several 
h have proved of marked industrial value, but which have 
dely different corrosion-resisting and physical properties. That 
of course, a great boon; since it is found that almost all the 
hysical characteristics required for the many different functions, 
‘companied by adequate resistance to corrosion, can be obtained 


suitably varying the analysis and treatment of the steel. The 


iin credit for the development of these steels is due to the Krupp 


Brown-Firth research laboratories. Strauss approached the 
by adding chromium to nickel steels. Brearley gave his at 
tion to the chromium steels and developed the stainless steel 
is been one of the author’s great pleasures, during recent 


rs, to assist in continuing the development of the steeis, and 
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Table XIV 

















HC] HNO. 

Condition Brinell No. concentrated Sp. Gr. 1.20 10 y 

Normalized 167 0.1812 0.5858 0.1 

As rolled 157 0.3075 0.8989 0.219 
180 0.1666 0.0005 0.304 
180 0.1492 0.0001 0.914 
209 0.1845 nil 0.249 
255 Q 2902 nil 0.49 
220 0.1709 nil 0.35 
209 ) 2836 nil 0.454 
216 0.3221 nil 0.558 















Per Cent 


© Mn Ni Cr S 
0.395 0.66 0.41 nil 0.19 
9.38 0.18 0.10 5.10 0.09 
0.64 0.34 0.15 8.96 0.19 
0.29 0.22 0.09 10:06 0.14 
0.56 0.21 0.19 12.47 0.12 
0.50 6.35 0.11 15.6 0.28 
9.49 0.21 0.14 19.66 0.23 
0.53 0.30 0.10 24.22 0.38 


0.15 






he has no hesitation in saying:that the field is by no means ex 


hausted. In Europe, the chromium rustless steels 





are generally 
based upon a chromium content of 13.0 to 14.0 per cent, with 
variable carbon content according to the use to which they are t 


LO 


a 




















be put. The chromium-nickel acid-resisting steels are generally 
within the range of 12.0 to 25.0 per cent chromium and 5.0 to 
15.0 per cent nickel, but it will be appreciated that within such a 
range there are steels of widely different characteristics. Incident 
ally, it may be mentioned that, in addition to the nickel and chr 
mium, such elements as molybdenum, copper and others, are at 
times alloyed in the steels. As will be clear, the idea of each modi 
fication in composition is to make the individual steel more resist 
ant to some particular corroding media. 

Multiplication in the manufacturing specifications of the steels 
is a disadvantage in production, since output is a determining fac 
tor, not only as regards technique and cost, but also from thé 
standpoint of supply, and the result has been to select, as a result 
of research, one or two compositions of outstanding merit, and 
then to specialize in their production; subsequently introducing 
into their manufacture such improvements as later research maj 
dictate. It follows, therefore, that the technology of some of these 
steels may have developed upon different lines in America, and 
this the author thinks is the case, particularly as regards the plait 
chromium stainless steels. 
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rting To the earlier experimental work. The essential 
eoneerned are iron, ¢hromium and nickel, and it is of 
to study the response made upon. immersion in nitric, 
and hydrochlorie acids at normal temperatures. This 
me by reference to Table XIII and it will be seen that the 
features are the excellent resistance of chromium to 

‘id. and the resistance of nickel to sulphurie acid. 
reference to Table XIV enables the response of industrial 
‘the iron and chromium to be studied, and it will be seen 
hen the chromium reaches 10 per cent, the alloy has become 
rkably resistant to nitric aeid, while, curiously, the resistance 
sulphurie acid decreases. It is interesting to study a series of 
lar experiments with iron-nickel alloys. This is possible upon 
ence to Table XV, when it will be seen that increase in the 
‘content reduces the solubility in sulphurie and hydrochloric 


but that the whole series is readily soluble in nitric acid. <A 


MS ex idy of the response of a series of alloys containing both chro 
nerally 


and nickel in varying proportions now becomes of very great 


ith : > ry r y ‘ 
WIth a nterest, and this can be done by reference to Table XVI. Gen 


are WW ‘ally speaking, it will be seen that, as regards resistance to nitric 
erally 


o.U TO 


d, the presence of nickel is additive to the influence of the chro- 


im in increasing the resistance to the acid. At the same time. 
such ; 


‘ident 


“es Table XV 
( i { 
are at HCl HS0, 
_ a ndi I LN concentrated Sp d 10 per cent 
modi s rolled 7 0.1142 0.73 0.0221 
i 0.0872 0.007? 
resist 0.1593 0.0102 
0.1939 0.0074 
0.0816 0 0098 


0.0838 i 0.0010 


0.0568 753° 0 0008 
0.0678 0.0006 
0.0290 0.774: 0.0005 
0.02937 5730 0.0008 
0.0829 0.0004 
Per Ce 

Ni 
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and 




























0 36 








0.36 


U.50 











O56 
0.29 
0.31 
0.56 
0.51 
1.07 
1.16 
1.07 
0.49 
0.52 
0.44 
1.04 


1.09 















































plied 






















































































Saturated 





times, 








not he 

















Mn 


0.13 
0.16 
0.14 
0.20 
0.9? 
0.36 
0.21 
0.17 
0.44 
0.59 
0.52 
0.2] 
0.31 
0.31 
0.21 
0.19 


heat. 


Figures 


Reagent 
Acetic Anhydride 
Glacial Acetie Acid 
B. P. Acetic Acid 
50 Per Cent Citri« 
Formic Acid 
Lactic Acid 
Nitric Acid (Sp. Gr 


Ammonium 





be foun 


‘ing 





TR 





sulphuric acids, 


0.10 
5.42 


10.29 


7) OV 
O04 


1.88 


» 
0.13 
3 


10.33 
0.14 
».40 
15.15 
0.22? 


0.44 


loss 


Oy 


Acid 


1.42) 


Nitrie Acid (Sp. Gr. 1.42) Vay 


Chloride 





d TO 


resisted. 


{NS 


r 


1 ( 


in 









temperature, and as specific 


grams 
ginal She 
0.0012 

0.0016 

0.0020 

O OO00 

0.0095 
0.0076 

0 O8305 

0.0087 

1 O0O09 


resist 





IS 








TIONS 


presence 


Table XVI 


Of 





THE 


ot 


centration of acid and to ordinary temperature 


sl 
0.05 
0.05 
0.038 
0.07 
0.16 
0.14 
0.12 
0.12 
0.09 
0.14 
0.24 
0.29 
0.29 
0.33 
0.14 
0.98 


In practice, the author has found it 


industrial 


Table XVII 


per 


t 


certain 


necessary 


square 
10 Per Cent 
Reduction 
0.0018 
0 OOP3 
0 0086 
OH O0O00 
0.0072 
0.007? 
0.0112 
0.0059 


0 00°6 





to 


nickel] 


nee 


centimeter 


streneths and 


perform 


Whereas chromium by itself increases the solubility in hy 
the 


resistance to these acids, 


leads to 





Hcl 
ntrated 


0.3075 0 
0.1763 0 
0.1897 0 
0.0963 0) 
0.0367 0 
0.1492 0 
0.1732 ( 
0.1845 

0.1479 


0.1869 a 


0.1747 0. 


0.1483 0) 
0.1709 
0.1664 
0.0968 
19615 
0.28296 


0.0904 





surtace 


an 


The figures in this table relate 4 


\ ithout 





hecessar 


corrosion tests, to explore fully the effect of concentration and 
processes are frequent! 
based upon a limited range of concentration and of temperatur 
some extremely interesting results have been achieved. 


a given composition and in a given heat treated condition 





25 Per Cent 
Reduction 
0.0014 
0.0024 
0.0054 
0.0000 


0.0208 
0.0077 
0.0092 
0.0046 
0.000] 






ac 


temperat 
acid, a change in the condition of the steel will result in suc! 
It 


connection with all industrial processes and generally wit! 


tual 


steels in different conditions with a view to ascertaining w! 
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suitable. The industrial testing out Is particularly de 






ause, al times, the composition ot the industrial reagent 







: ‘dentical with the pure form with which most probably 





tests might be made. .A mass of data has been accumu 






the Brown-Firth laboratories, but as much of this has 






passed into the trade literature of one of the firms with 





IS associated, it 1s not proposed to reproduce it here. 






One very important feature of the intluence of fabrication ot 









nd plant from these materials should be discussed, An) 
ay steel is naturally put into its optimum eondition, as re 
s work it has to do, at the last process of manufacture. 







ation, it may be eold worked, and it hia he heated to tem 





sos of convenience. It may be welded. 






Cold work, if local, may have serious effects in lowering the 


A 





‘esistance ot the steel ; if, however, the work hardening IS 






then this is not necessarily so. An example might use 






viven. Steel sheet (15 gage), containing 18 per cent chro 








} 


\} and oO per cent nickel, in the Fully softened and cle 








condition, Was cold-rolled TO 10 per eent. 2) per cent ana -yl) 


reduction of thickness. Samples of each degree of cold 





ine. together with samples of the original softened and de 






| sheet. were then tested in various reagents at boiling point 






period of 24 hours with the results shown in Table XVII. 

























The results show that the cold rolling of this steel up to DU 
° r cent reduction has no effect on the corrosion resistance in 
ar eent citrie acid, and little, 1 any, ‘n acetic anhydride, or in 
acid up to 20 per cent reduction. The corrosion-resistance Is, 
ever, progressivel) lowered by eold rolling in the ease of vlacial 
nd B. P. acetic acids, and in the case of formie acid above 10 per 
ent reduction. On the other hand, the eorrosion-resistance is pro- 
rpessively raised by cold rolling towards nitric acid (sp. gr. 1.42 
d the vapor from this acid. The results for ammonium chloride 
somewhat irregular, but, in a general way, they indicate that 
d rolling has little effect on the corrosion resistance in this 
ium. 
, . 


However. local cold work which is considered deleterious, as 





stated above, cannot always be avoided, but such regions should 





ivs be watched. 





Heating during fabrication should be always done in a knowl 
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way, having in mind the effect of various temperatures 
resistance of the material. For instance, the austenitic 
romium steels are put into their best condition by cooling 


high temperature, 2100 to 1740 degrees Fahr. (1150. to 950 


Cent.), the actual temperature. varying with the composi- 
Subjection of such steels to low red heat reduces their re 
in certain corroding media. 


rning now to welding, it is, of course, obvious that the steel 


‘melting into the weld must have finally the same composi 


the parts that are being welded. Neither oxidation nor 


zation 1s permissible, since if the composition 1S modified, 
be the response to the corroding medium, and this is very 
tant in certain critical corroding reagents. In certain cases 
s very desirable to re-heat treat after welding. Sufficient has 
een said concerning these fundamental points to 


nportance. 


emphasize their 


Weel mical and Other Prope rties of the Steels as Affecting Their 
A pplication 

The corrosion resisting steels now commercially available are 

substantially either chromium steels or chromium-nickel steels. 

In this section, the author will confine his remarks to those steels 

ich are most widely used'*’, and will endeavor to deal with those 

two aspects which, as far as engineering is concerned, are equally 


mportant with the corrosion resisting characteristics, viz., me- 


hanical properties and capacity for being fashioned to the shape 
required, 


The steels which will be considered are: 
The 12 to 14 per cent chromium stainless steels as used for 
‘utlery and allied purposes. 


*) 


2) The 12 to 14 per cent chromium stainless steels as used for 
turbine blading and general engineering purposes. 
The 12 to 14 per cent chromium so called ‘‘stainless’’ 
») and (6) Austenitic nickel-chromium steels. 

The chromium steels (1), (2) and 


iron. 


3) are of the same elass. 
ind if heated to a temperature of 1740 to 1830 degrees Fahr. (950 


to 1000 degrees Cent.), they harden, roughly, in proportion to the 


on content. They may be, and, in practice, are hardened, and 


are some hundreds of patent specifications covering widely 
g those granted to Benno Strauss and to Harry Brearley 
herein, 


different compositions 
whose work has been 
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then can be subsequently softened by tempering to the 






condition of mechanical strength desired. These are ma 
steels. 


The chromium-nickel steels (4), (5) and (6), are in a 









class and have the distinctive characteristie that, if they be 
to a high temperature and quenched, they do not thereby 
hardened, but instead are put into a very ductile condition, 
they are austenitic steels. In Table XVIII will be found typic. 
tensile, impact and Erichsen figures, determined in the Brow 
Firth research laboratories, for these steels. 

The Chromium Steels (1) to (3). This. elass of steel can 






ty t} 


considered as responding to heat treatment in a similar way 
widely used alloy steels, and it will be agreed that the tensil, 
values are in accord with this. The typical steel of this class is 










one containing approximately 0.30 per cent carbon, and, in tly 
form of cutlery, the necessary hardness is readily obtained by hard 
ening from 1740 to 1830 degrees Fahr. (950 to 1000 degrees Cent. 
and tempering to 360 to 390 degrees Fahr. (180 to 200 degrees 
Cent.). The tensile values (1) correspond to this form of th 
material. 


The similar steel (2), which is used for general high tensil 














engineering purposes, is put into the mechanical condition ind 
eated in the table, by hardening followed by suitable tempering, 
in which form it is supplied. In the condition given, it may be 


machined with reasonable ease, and is widely used with success for 


Gill 





and many other conditions too numerous to mention. It Is clea 
that the next mechanical condition of rustless steel required 
the engineering and the industrial world was that in which 
could easily be deformed cold to shape, and the steel given as (35 
indicates the degree of success attainable by lowering the carbo. 
content. It must, however, be confessed that, whilst relative su 
cess was achieved by modifying the plain chromium rustless stee! 
in this way, it was found that the chromium-nickel austenitic 
steels (4), (5) and (6), the figures for which are given, fulfilled 
more completely this particular demand of the industrial world 










The Chromium-Nickel Steels (4), (5) and (6) 





Besides their much greater resistance in a wider field | 
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roding influences, it will be seen that they possess a much 
ductility, and, therefore, capacity for plastic deformation t} 
plain low carbon chromium steels. The heatings sometimes 
sary in manipulation do not lead to the air hardening diffiey|t;, 
so well known by those engaged in manipulating alloy steels, 

Perhaps, from the mechanical testing point of view, the dis 
tinctive feature of these steels, when compared with the plain chr 
mium steels, apart from their high ductility as disclosed in th, 
tensile test, is their high impact value, which is generally in ex 
cess of 100 foot pounds when determined by the Izod form of tes} 
under British Standard conditions. 

As regards the general physical properties, the data given in 
Table XIX will be of interest. A survey of this data indicates 
marked dissimilarities, as regards physical properties, as a result 
of the increase in chromium and the addition of nickel, in the eas 
of the chromium-nickel steels. This is particularly noticeable i 
the increased coefficient of expansion, and in the thermal con 
ductivity ; these factors must, of course, be taken into consideration 
by engineers when applying the material to conditions where ele 
vated temperatures are obtained. Another outstanding and 


marked characteristic is the nonmagnetic nature of such materials. 


Concluding Observations 


The author trusts that the foregoing data has made it per 
fectly clear that the rust and corrosion resisting steels now avail 
able are the logical outcome of patient investigation, and that their 
characteristics are firmly established by unquestionable exper! 
mental evidence. He also trusts that, within the scope of this see 
tion, he has given a sufficient indication of the mechanical and 
physieal properties of these various steels to enable the engineer 
in his own mind, to consider their spheres of application. 

As regards the stainless steel (1), used for cutlery, no com 
ment is here required. 

As regards the stainless steel for general engineering purposes 
(2), this is now widely applied for several purposes in engineering, 
notably—turbine blading, pump rods, superheated steam castings 
and other purposes too numerous to mention. One very interest 
ing application might be mentioned, namely—the production of 
sluice gate castings in this composition. Sets of dock sluice gates 
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for one of the big dock authorities in England, and were 
put into operation in estuary water over four years ago. 
ination recently, the interesting fact was disclosed that 
completely unaffected by the obvious corroding in- 
to which they had been submitted. 
lower carbon-chromium steels are used in a limited de 
h in bar and sheet form. 
echromium-nickel steels, however, as explained, have so 
lvantages when considering those spheres of application 
rreat ductility is required, that it might perhaps be well 
discuss the applications in more detail. The author has a 
‘ar, the whole of the bright fittings of which are made in 
‘ steel (2). They are only washed occasionally and are a 
success, in spite of the fact that they ‘‘move and have their 
in the industrial atmosphere of Sheffield. Large chemical 
are operating successfully, which are made of this steel. 
fittings for tens of thousands of people have been made 
austenitic steel (3). Domestic ware in large quantities is 
vice made from all of them. Nothing further, therefore, 
. said, 
It will, no doubt, be asked what the possibilities are of these 
Is as regards general application. Their future will largely 
‘ determined by their cost of production. Considerable output 
necessary to obtain a low cost of production, and while the ap 
‘ation to various purposes is being rapidly extended, the forms 
which the steel is required naturally differ greatly. It is, there 
re, clear that until the consumption of steel results in even 
‘eater demands of a given form and size, be it sheet, bar, section, 
ire or tubes, the cost of handling, as regards production in the 
orks, must necessarily remain relatively high. There is also an 
ther aspect which can be usefully emphasized, namely—that to 
‘satisfactorily rust-resisting, it is necessary that that surface shall 
tree from defects and scale, and, therefore, this consideration 
iemands a high standard of technique in manufacture of the fin 
shed article. It is thus obvious that the production of the rust 
less and acid resisting steels should always be conducted under the 
dest technical control, which control must be emphasized at each 


NTA? 


age of manufacture if the desired result is to be obtained. When 


‘onsidering this question of production, it is necessary to re-state 
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that these steels contain high proportions of special eleme) 
as chromium and nickel, and thus the cost of adding these 








ments 
must necessarily have its influence upon the economic questions 
arising. It is true that very considerable metallurgical jnyes 
gation is, at the present time, in hand with a view to meeting ¢ 


aspect of matters, but the author feels that one must not | 
sight of the fact that Nature herself has put a limit to this manner 
of making steels rustless. The world’s production of steel runs 
up towards a figure of 100,000,000 tons per annum, whilst 










ITS pre 
duction of chrome ore is, at the present time, somewhere in th, 
neighborhood of 250,000 tons. 

Concluding this survey of the development of steels resistant 
to corrosion, the author would observe that there is undoubtedly 
a great future in their application. They will, however, always 
be ‘‘special’’ steels, and although, owing to their relatively hi 





lig) 
eost, they will not be employed for purposes where ordinary ste 










is sufficiently satisfactory, yet the demand will be very large. (1 
doubtedly, the industrial world is now furnished with a very valu 


able series of steels, added to the already existing special st 
that had been developed during the last few decades. 








(To be continued in July issue of TRANSACTIONS 
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The prese nt installment, the ninth of this series, takes 
ip the constitution of martensite and why steel hardens 
1y thermal treatment. After a brief review of the solid 
solution austenite, the constitution of martensite is dis- 
ised from two viewpoints; that it is a solid solution, 
nd that it is an aggregate. As representative of the 
first viewpoint the theory is outlined according to the 
views of Jeffries and Archer. Following this and as 
representative of the opinion that martensite is an 
aggregate, the theory of Sauveur is discussed. In order 
tu understand this theory it is necessary to again con 
sider whether austenite is a solid solution of carbon or 
iron carbide in gamma tron. Following this point the 
constitution of troostite based on the high magnification 
metallographic studies of Lucas is explained, and the 
whole co-ordinated into the theory oO} the hardness o/ 
martensite according to Sauveur. A brief summary of 
the conflicting opinions concerning the constitution and 
the hardness of martensite is given, 





‘VER since man has been able to harden steel by quenching it 
4 from a bright red heat into cold water he has wondered why 


hardens and he is still wondering. There probably is no other 






l 
} 


problem in the metallurgy of iron and steel that is so fascinating, 
or that has inspired so much hard work and harder thought as the 












s the nineteenth instaliment of this series of arti les by ik | Sisco The several 
s which have already appeared in TRANSACTIONS are as follows: June, July, August, 
S November, 1926; January, February, April, June, August, October, 1927; Februat 








November, 1928; January, March, May, 1929 





author, F. T. Sisco, a director of the society, is chief of metallurgical 
tory, Air Corps, War Department, Wright Field, Dayton, Ohio. 
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phenomenon of why steel hardens. In the L916 editio 


Metallography and Heat Treatment of Iron and Stee! 
discusses seven theories of hardening proposed by such 
Osmond, Arnold, LeChatelier, Carpenter and Edwards an 
The inadequacy of these former theories is noted by the sam 
ten years later in the 1926 edition of his text when he say 
acteristically, in the introduction to the chapter on theories 0 
ening: 

“Tt will likewise be obvious that no theory so 
sented Fully satisfies our craving for a scientifically aces 
explanation of the many phenomena involved. It would 
as if the methods used to date for the elucidation of this ean 

plex problem have yielded all they are capable of yieldin 
and that further straining of these methods will only ser 
to contuse the ISSUC, a point having been reached when 
Juggling, no matter how skilfully done, with allotropy, so 
solutions, and strains is causing weariness without advanci: 
the solution of the problem. The tendeney of late has bee: 
abandon the safer road of experimental facts and to ente 

maze of excessive speculations, in which there is great d 


, 


of some becoming hopelessly lost.’ 


And so the matter rests today, we are probably but little nearer 
to the solution of the problem of hardening by thermal treatment 
than we were fifteen years ago; an enigma it was then, an enigma 
remains. 

In a recent paper Professor Sauveur'’ published the results | 
a questionnaire which he submitted to 29 eminent metallurgists r 
questing their views on the theory of hardening and the structur 
martensite. The answers to this questionnaire brought out th 
that there is very little agreement on any phase of this problem 
It will be our object in the present chapter to outline the theory 
hardening as this theory is held by these various authorities, not 


the discrepancies especially on some of the more important 


THe CONSTITUTION OF AUSTENITE 
Before taking up the theory of hardening it will be o! 
for us to review our knowledge of the constitution of au 


Ibert Sauveur, “The Current Theories of the Hardening of Steel Thirt 
American Institute t Mining and Metallurgical Engineers, 
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discussed earher in this series! where We deeided that 
was a solid solution of carbon or iron carbide in eamma 
form of iron stable above the A, point, but when we come 


iestion of the condition of the carbon we find no unanimity 







Ol. 
know that carbon reacts with iron at high temperatures to 
on earbide, Fe,C, known metallographically as cementite. 
Wi vw that this carbide is as hard and brittle as glass. We know 


rf that pure iron exists in two, possibly three. allotropie 



















1) gamma, stable above 1650 degrees Fahr. (900 degrees 
Cent.), crystallizing as a face-centered cube; (2) beta iron, stable 
1650 and 1415 degree Fahr., crystallizing as a_body- 
ntered cube; and (3) alpha iron stable below 1415 degrees Kahr. 
r6S degrees Cent.) and crystallizing as a body-centered cube. 
lf we define allotropy as a change in the spatial arrangement 
(the atoms it is evident that there are only two allotropic forms of 
ron, gamma, the face-centered, and alpha, the body-centered. NX 
ray methods have shown definitely that there is no change in spatial 
rrangement when iron is cooled or heated through the A, point at 
» degrees Fahr., but the marked gain or loss in magnetism Which 
irs at this temperature has been a strong argument in favor of 
e existence of deta iron, or at least of some form of iron different 
rom alpha. It is characteristic to note in the replies to Sauveur’s 
lestionnaire’’ that only one metallurgist mentioned beta iron, but 
n this connection and with great truth Sauveur says: ‘* Before 
rossing beta iron from our list, I shall venture the opinion that its 
non-existence has never been satisfactorily demonstrated, the 
weapons employed consisting generally of arbitrarily worded 
lefinitions of allotropy.’’ 

As a starting point for a discussion of hardening we have onl) 
three proven facts as a basis for our theory. The first is that above 
loo0 degrees Fahr. iron exists in a form known as gamma which 
rystallizes as a face-centered cube. The next is that below 1650 


grees Fahr. iron exists in a form known as alpha (with a possibil 








of beta between A, and A,) which erystallizes as a body-centered 


ibe. The third is that at high temperatures iron and carbon react 





orm the definite chemical compound Fe,C. It is generally 






S . “The Constitution of Steel and Cast Tron,’’ Scetion If, Part I, Tra ACTIONS 
~~ et y 


for Steel Treating, Vo 12. October 1927, p. 657 


















ide hereinafter to Sauveur refers to his paper before the American Instit 
Metallurgical Engineers. See footnote No. 48 
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accepted that carbon is soluble in gamma tron but almost 
in alpha iron. There is, however, no agreement as to wh: 
earbon dissolved in gamma iron to form the structural 
known as austenite is in the form of carbon or iron carbicd 
Sauveur reports that the majority of metallurgists rep 
his questionnaire hold the opinion that it is the carbide whic! 
solution in gamma iron. Jeffries and Archer maintain t} 
pound molecules such as Fe.C are too large to diffuse throug! 
space lattice of the gamma iron, This question has been d 
in detail and the opposing views summarized ino a_ previr 
chapter”! It is interesting to note that from the results of X-rs 
eXamination we are not even sure that austenite is a true solid soly 


tion. Instead of the carbon atoms or the carbide molecules rep! 


ing some of the iron atoms of the gamma tron lattice they ay 


located in the interstices between the tron atoms. This is the co 


clusion from erystallographic methods in whieh it is shown that 
the density and the lattice dimensions of austenite Increase with i 
creasing carbon eontent. 

After considering all of the data and taking into account thi 
view of leading authorities we can proceed to our discussion 0 
martensite on the basis that austenite is a solid solution of carbon o1 
iron carbide in gamma iron, remembering that austenite is not 
true solid solution and that probably iron carbide and not carbon is 


the solute in the gamma iron space lattice. 


THE CONSTITUTION OF MARTENSITE 


When a high carbon steel is quenched from above the « 
range in cold water the structural condition changes from aust: 
a solid solution of earbon or iron carbide in gamma iron stabl 
above the range, to martensite, a condition of metastable equiliby ian 
at atmospheric temperature. This structural change in rapid coo 
ing instead of occurring at its normal temperature of 1290 degrees 
Kahr. (700 degrees Cent.) occurs at 570 degrees Fahr. (800 degrees 
Cent.). If we can discover what happens in this structural chang 
from austenite to martensite we will know why steel hardens 
are fairly sure of the constitution of austenite, that it Is 
solution of carbon or iron carbide in gamma iron. If we 


cover the constitution of martensite we can compare it W 


iF. T. Sisco, “The Constitution of Steel and Cast Tron,” Seetion UH, Part I, 7 


American Society for Steel Treating, Vol, 12, October 1927, p. 656 
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7 
stitution of austenite and thus we should be able to ex 
a degree at least, why martensite is hard 
he first place it is generally held that the iron in martensite 
Sil alpha condition. In other words, in cooling a steel from a 
“i heat (above A,) the allotropie transformation from the 
tered gamma to the body-centered alpha takes place in 
spite the rapid cooling. Unless we are able to cool the material 
« fast that the lower critical point, Ar, is depressed below atmos 
oheric temperature the allotropie change takes place and the gamma 
to alpha iron. The first premise generally held concerning 
onstitution of martensite is, then, that the tron is in the allo 
trop modification known as alpha. 
lt should be noted, however——and this is a vital point—that 
rvstallographic methods show that this allotropie change is rarely 
omplete. Sauveur says: **'The author is not aware that the X-ray 
spectrum of martensite has ever failed to reveal the presence of 
amma lines, that is of austenite, while cementite lines Frequently 


i.’ 6s From this we may assume that in martensite the iron is 


j 


ostly alpha but with some unchanged gamma invariably present 

The next question that concerns us is What is the condition of 
he carbon in martensite? = In austenite the carbon either as iron 
irbide or as elemental carbon is in solution, atomically dispersed, 
nthe gamma iron, But carbon or iron carbide is practically in 
soluble in alpha iron, Tf this is the case what happens to the carbon 


vhen the gamma iron undergoes allotropie change into alpha iron? 


From the answers to his questionnaire Sauveur admits that it is 
enerally held that martensite is a solid solution, but since carbon 


r iron carbide is insoluble in alpha iron it must be very super 


4 


aturated. Although many authorities claim that martensite is a 


f 


ipersaturated solution there is not the slightest agreement as to the 
osition occupied by the carbon atoms or the carbide molecules in 
the body-centered lattice of the alpha iron. 

In contrast to the view that martensite is a supersaturated solu 


tion of carbon or iron carbide, atomically dispersed in alpha iron, at 


CUST 


one metallurgist believes that martensite is a definite chemimal 


ompound, Fe,,C. Another considers martensite to be a solution in 
Which the carbon or carbide is colloidally instead of atomically dis 
erseq 


l. On the other hand, Lucas and several others consider mar 


lensite to be an aggregate made up of submicroscopie particles of 


lerrite and iron carbide. Sauveur, as we shall see later, thinks that 
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martensite is an aggregate of undecomposed austenite and 

Summing up the opinions held regarding the consti 
martensite we may consider that when this constituent 
formed from the transformation of austenite at about 57\ 
Kahr. it is a solid solution—supposedly supersaturated—o| 
or, presumably the carbide, Fe,C, in alpha iron, and that 
immediately the carbide begins to be thrown out of solution 
converting the solid solution into an aggregate of iron earbide 
alpha iron, the individual particles of which are submicroscopic 
size. 

Krom this the difference between martensite and th pare! 
austenite is plain. In austenite the iron is in the gamma state. 
martensite it has transformed to alpha. In austenite the car! 
is atomically dispersed in the gamma iron space lattice: 
martensite When freshly formed it is in solution, necessarily su 
saturated, in alpha iron, but immediately begins to be precipita 
so that very shortly after being formed the martensite becomes ; 


aggregate of iron carbide and alpha iron. 


Wity MarTreNnsirE Is ITLARD—SoLID SOLUTION THEORIES 


Now that we have formed a tentative opinion concerning 


constitution of martensite the next question is to try to discov 


why it is so hard. In a previous installment we discussed the s 
interference theory of Jeffries and Archer. According to these tv 
authorities a ductile metal or alloy deforms or ruptures under stress 
by slip along erystal planes of weakness. To prevent or retard sli 
it is necessary to strengthen these inherent planes of weal 
Consequently if a constituent which is inherently harder and mo 
resistant than the ductile metal is introduced into these p! 
weakness, slip will be retarded or almost wholly prevented. 
these hard particles act as keys which lock the slip planes, it follo\ 
that for any slip plane so keyed a higher stress will be necessar’) 
produce slip. It is also evident that when a hard constituent ts 
the form of one large particle fewer slip planes will be keyed tha 
when the same amount of the hard constituent is well distri! 

the form of many small particles. This has been discussed 
earlier in this series.°*? Thus we see that the presence of n 

hard particles of relatively small size is a great factor in 


F. T. Sisco, “‘The Constitution of Steel and Cast Iron,”’ Section II, Part \ 
American Society for Steel Treating, Vol. 14, November 1928, p. 778 
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p. Other factors include the resistance of the slip) plane 

the formation of amorphous metal in the slip plane and the 
ce of very small grains with frequently changing orienta 

the grain boundaries. 

he hardness of a ductile metal such as pure iron mas be also 
sed by the influence of any one of the following: the presence 
hemical compound, Or a solid solution. or a eutectic alloy, or 
phous metal. Thus we see that the hardness Ot martensite 
e due to one or several of these factors. From the answers to 


iestionnaire Sauveur concludes that in the opinion of the lead 


! | ithorities the hardness of martensite is due wholly or in part 
to one or more of the following: (1) it is a solid solution, (2) it is 
supersaturated solid solution, (3) it is fine grained, (4) the alpha 


space lattice is distorted, (9) many minute particles of iron 

de are present, and (6) internal strains are present. 
\s representative of the opinion of these leading authorities 
look first at the theory held by Jeffries and stated brietly yy 
m in answer to Sauveur'’s questionnaire. Jetfries believes that 
reshly formed martensite in steel containing an appreciable 
mount of carbon is fine grained ferrite in which the carbon is 
argely atomically dispersed, and that the hardness is due prin 
pally to grain refinement but partly to the carbon. In aged or 
tempered martensite the carbon has formed myriads of minute 
particles of iron earbide which are located partly within the ferrite 
vrains and partly at the grain boundaries. Jeffries believes that 
the maximum hardness occurs at a certain stage in the formation of 
ron carbide. According to #his theory the hardness of martensite 
s caused partly by the resistance to slip due to the very large num 
er of ferrite grains and to the obstruction offered ly the large 
number of small particles of iron carbide which have formed from 
the carbon which was in solid solution in the freshly formed 
martensite. There are numerous factors entering into this theory 
such as the enforced solid solution of the carbon atoms in the alpha 
space jattice and the property of diffusion shown by the carbon 
atoms at or near atmospheric temperature to form iron carbide, 
vhich make it difficult of comprehension to many. Jetfries believes 
strains play a prominent part in hardening, but do not have 

ny bearing on the hardness of the resulting martensite. 

Honda believes that martensite is a solid solution of carbon in 


alpha iron with the carbon atoms located interstitially in the alpha 
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iron space lattice. This scientist considers that two-thirds 
hardness of martensite is due to this carbon in enforced so] 
tion and the other third to the presence of internal strains 
view Is held by other authorities, some of whom, especially Ba 
Lester, consider the hardness to be due also to lattice cistortis 
smallness of grain. 

The consensus of opinion of most authorities seems t 
martensite is hard, (1) because it is an enforced solid solutior 
because it is extremely fine-grained and (3) because of st 
It should be noted, however, that the first two causes, the en! 
solid solution with its deformed space lattice and the smallness 
vrains are the chief reasons advanced as to why martensite is | 
These opinions agree well with the slip interference theory 
Jeffries and Archer which states that increased hardness is « 


by interference with slip, especially because of the resistance of 


slip plane itself, and because of the small grains with frequent! 


changing orientation and also because of the presence of hard 
particles (iron carbide in critical particle size?) which act 


thus preventing easy slip on the planes of weakness. 


Wity MARTENSITE Is HARD—BeEcAusE Ir IS AN AGGREGA' 


There is no doubt but that the high magnification studi: 
martensite made by Lucas have shed much light upon the constit 
tion of this structural condition and given us plenty of eviden 
that martensite is not a solid solution. Lucas says, ‘‘ that martensit: 
is not a solid solution seems to be true because more than one co) 
stituent is visible under high magnification. The conclusion se 
justified that iron carbide must be present in martensite, and 
my opinion that iron is probably present in the alpha state 
carbide must be present in a highly dispersed condition.’ 
presence of this highly dispersed carbide is given by Lucas as 
cause of the hardness of martensite. Strains in his opinion ar 
effect of hardening rather than the cause. 

The work done by Lucas was used as a basis by Sauveut 
answer to his own questionnaire on the hardening of steel. By 
well-known authority austenite is considered to be a solid sol 
of iron carbide in gamma iron. ‘Troostite is looked upor 
Sauveur as a solid solution of iron carbide in an iron which he 
non-gamma. This non-gaimma iron of Sauveur is, of course, Nol 
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old friend beta iron, conveniently called non-gamma so as 
offend those enthusiasts who affirm categorically that beta 


a dead allotrope. Taking these two assumptions as a basis 







“ ir coneludes that martensite is not a definite constituent but 
se observe this carefully—is an aggregate of austenite and of 
resulted 


te which has 






from the transformation of the 











nite 
LLC. 







n other words, according to Sauveur, when a high carbon steel 
, neched, some of the austenite remains untransformed due to 
pidity of the cooling, and the rest transforms into troostite 

- geoeregate of retained austenite and troostite is” called 


ensite. Let us look at the two chief premises of this theory to 









soe if there is any experimental evidence upon which they can be 
S( Following that we will view the evidence in favor of the 
ssumption that martensite is an aggregate of retained austenite 
troostite. 
The first question, whether austenite is a solid solution of iron 
rbide or carbon in gamma iron, is by no means settled. From the 
esults of the questionnaire it is evident that the majority of the 


ithorities consider that austenite is a solid solution of the carbide 








n gamma iron. The principal objection to this theory is the diffi 






I+ 


ilty of conceiving how the iron carbide molecules can exist as such 


the rigid space lattice of the gamma iron. But is this diffieult 







is see. X-ray evidence seems to prove that the carbon atoms 


austenite do not actually replace the iron atoms in the face 


entered gamma lattice, but, rather, force themselves into the 







ce, as it were, and so are located interstitially, thus to some 
egree deforming it. If austenite contains elemental carbon atoms 
nd not the chemical compound iron carbide in enforced solid solu 
tion quenching must result in a condition whereby the carbon atoms 
n greatly supersaturated solution in the alpha iron lattice. 


} 


Is, aS we have seen, the mechanism of the formation § ol 


LTS 





artensite according to Jeffries and Archer. But according to 


ese authors cementite begins to form at once (the agine of 






irtensite). They say: — In order for cementite to form, however, 


‘arbon atoms must diffuse. Carbon ean diffuse slowly at room 








emperature in the iron lattice and does so, forming cementite.”’ 
The point to be brought out here in connection with Sauveur’s 
on of the constitution of 





austenite is this: If earbon diffuses 










“The Science of Metals,” 1924, 1 ZZ 
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in alpha iron at atmospheric temperature, seeking out ir 
with which to react, and if the reaction of the formation o! 
tite 


takes place at room temperature, this reaction should oce 





more readily in austenite at high temperatures. Jeffries and Arc} 
say, ‘‘at high temperatures the reaction takes place more ra 
It does not seem unreasonable to assume that the interst 
located carbon atoms in the gamma iron lattice ate really part 
the iron carbide molecule and that austenite is in reality a so 


solution of the carbide in gamma iron. It seems as though Sauvey 
has as much or more basis for his assumption that austenit 
solid solution of iron carbide in gamma iron as have those who | 


lieve it to be a solution of elemental carbon in ewamma iron. 


THe CONSTITUTION OF TROOSTITE 

































The statement made by Sauveur that troostite is a solid so 
tion of carbon in beta iron is sufficiently different from current 
views of this constituent that we should give it considerable atter 
tion. It is generally held, in fact almost universally accepted that 
troostite is an aggregate of iron carbide and alpha iron. In degr 
of dispersion it ranks between martensite and sorbite. The orthodos 
conception is that freshly formed and aged martensite is a so 
solution or near-solution of iron carbide atomically dispersed i 
alpha iron. The tempering of this martensite causes a certa 
amount of coagulation of the carbide with the result that th 
particles increase somewhat in size until the dispersion is appro 
imately that of a colloidal solution. This is troostite. Kurth 
tempering results in additional coagulation and particle growt! 
until in the structural condition known as sorbite the iron carbid 
is in particles almost large enough to be visible by the microsco| 
In granular pearlite and especially in the laminated variety th 
particles have grown to the point where they are easily visibl 
This transition from martensite to troostite to sorbit 

pearlite is, then, a growth in the size of the carbide particles 

of the alpha grains as well) from martensite in which the particles 
are atoms or nearly that small, to sorbite or pearlite in whic! 
particles are visible with the microscope. This view is, of cou 


perfectly logical one, and checks more or less perfectly wi 


CONSTITUTION OF STEEI 


Fig. 63 Steel 1 to 1.1 Per Cent Carbon, 
High Temperature, Etched with Pieri Acid 
fication 3230 cr. & Lucas, )* 


hardness and, perhaps, with the microstructure. It is also in aecord 
vith the slip interference theory, and in addition, postulation of 
iron is not necessary. 
Now let us see what Sauveur has done to this apparently 


clea conception, The orthodox opinion is. as Wwe just mentioned, 


certall 


hat troostite is an aggregate of iron carbide (cementite) and alpha 


hat the 


ron (ferrite). The iron earbide is finely dispersed, even to the 
LP pror 


xtent of a colloidal solution. Sauveur Says that troostite is a solid 


solution of iron carbide in beta iron. It is evident that these two 


rurthel 
‘conceptions are as wide apart as the poles. 

Now for the evidence. Lueas has found in his high magnifica 

tion work that what he ealls nodular troostite contains radial grains 

vhich exhibit all of the characteristics of a solid solution. The 


vrains consist of a single constituent and display orientation 


phenomena. Coneerning the condition of the iron in. troostite 


Sauveur calls attention to the fact that alpha iron has little dissoly 


power for carbon (about 0.05 per cent), and hence only the 


ide 


ne 


}y° 
al 


should be rejected by the troostite in slow cooling and on 


rographs, Fig 67. 68. 69 were made 1} I I I publ oe 
Metallographyv and Heat Treatment cf lron el” 
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Ktehed 
450 (1 


tempering. But Lueas has found’! that while earbide is e 


from troostite of hvpereutectoid composition, ferrite Is expe 


from troostite of hv poeutectoid cOMposition, This, savs Sauv 


clearly indicates that the iron in troostite is capable Of cdissoly 
carbon as the carbide, up to the euteetoid point. 

If the iron in troostite is capable of dissolving earbon up 
0.85 per cent it surely is not alpha iron, even though it has the sa 
space lattice. Clearly it is not gamma iron or the X-ray 
reveal it as a face-centered cube instead of a body-centered 
If it is not alpha and if it is not gamma, what is it? Is it beta 


do not know! 


Wiy MArTreNSITE IS TLARD—Satveur’s THeor) 


Sauveur’s theory that martensite is an aggregate of ret 
austenite and troostite or, putting it differently, is an aggregati 
a solid solution of iron carbide in gamma iron and a solid solut 
of iron carbide in beta iron is based upon X-ray data and 


essentially upon the high magnification work of Lucas. Wi 





CONSTITUTION OF STEEI 


i 


Os Another Spot 
Original Magnification 


tioned that X-ray erystallographs of martensite always show 


presence of gamma iron, thus proving the presence of austenite 


of Lueas’ photomicrographs showing the structure of 


tensite are reproduced from Sauveur’s text’? as Fig. 


ty}. Ko, 67 shows the structure ot a | 10 per erent carbon stee] 


hed from a high temperature. The. dark needle-like constituent 


hat we know as martensite, the white areas are undecomposed 


Ite, The photograph also contains SOC particles consider 
darker than the rest. These are, presumably, troostite. lLueas 


un his studies of martensite claims that no evidence has been 
ind that a plain carbon steel may become fully martensitic. The 
ires he studied are made up of austenite and martensite or 

re often austenite, martensite and troostite. Figs. 68 and 69 show 
detailed strueture of the martensite needles. These needles are 
ly composed of two constituents as is evidenced by the central 

Sauveur considers this dark rib to be troostite and the lighter 

lles to be austenite in which sufficient troostite Is present so 


s colored decidedly darker than the parent austenite. 


1926, p 
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Lucas conducted tempering experiments which resu 
original martensite needles becoming darker but which d 


duce any additional ones. The more rapid etching rat 
















tempered structure was further evidence that the aust 
transforming directly into troostite. From the results of they 
periments Sauveur concludes that the solid solution of iro) 
in gamma iron (austenite) transforms into a solid solutio) 
carbide in beta (?) iron (troostite) and that the struct 
our microscopes reveal as martensite is nothing but a convlome 
of untransformed austenite, and troostite in various stages 
formation. This transformation occurs along the octahedra] 
age planes of the austenite (which has been amply demonstra; 
by Lueas) giving rise to the familiar martensite needles. 
The progression from this point to the final stable conditio) 
pearlite is clear. As the tempering proceeds the needles 
richer in troostite until finally all of the austenite has been cha) 
into troostite. The next step is the change of the beta iron to 


y1) 
ai} 


iron with its accompanying rejection of the carbide. This result 
in the structural condition known as sorbite. Finally the car! 
coagulates and we have granular pearlite; further coagulation 
sults in the formation of our familiar laminated pearlite. 


SUMMARY OF THE THEORIES OF THE LLARDNESS OF MARTENS 


















[t will be of advantage for us to summarize briefly the theories 
the constitution of martensite and the causes for its hardness. The: 
are, as we have indicated, two general conceptions concerning 
constitution of martensite. The first is that it is a solid solutior 
a near-solid solution. The second is that it is an aggregate. 
The first conception is held by Jeffries and Archer, by Bau 
Benediecks, Chevenard, Portevin, Hatfield, Hoyt, Honda, MeCan 
Harder and Dowdell and others. In brief this theory is as follows 
Austenite is a solid solution of carbon or iron carbide in gamn 
iron. When this solid solution is rapidly cooled the gamma iro! 
transformed wholly or in part to alpha iron; the carbon or 
carbide remains in enforced solid solution, necessarily supersat 
rated. Aging or a slight tempering of this freshly form: 
tensite results in some coagulation of the iron carbide into slig! 


larger particles. If it is considered that carbon atoms and not 1 






carbide molecules are in solid solution in the austenite aging 
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mpering of the freshly formed martensite results in a dif- 
the carbon atoms with the result that iron carbide is 
whieh upon further tempering starts to coagulate. 
hardness ot martensite iS due to slip interference with 
more of the following factors entering: (1) the hardness is 
erain refinement resulting in many small alpha grains in 
from the parent austenite; (2) the hardness is due to the 
ed alpha lattice, in other words it is due to the obstruction 
by the badly erystallized alpha grains; (3) the hardness is 
the fact that martensite is an enforced (supersaturated 
solution with the possibility of new interatomic bonds being 
t) the hardness is due to the presence of numerous small 
de particles which aet as keys, thus locking the slip planes; 
the hardness increases as the size of these particles increase up 
‘ertain critical particle-size after which it decreases as the 
ticles of carbide SLVOW still larger: and b the hardness is due 
strals. 
The aggregate conception as held by Sauveur has already been 
scussed. This idea of the constitution is also held by Lucas and 
to some extent by Lester and Boylston. According to this concep 
austenite is a solid solution of iron carbide in gamma iron. 
on rapid cooling most of the iron transforms into beta (Sauveur 
or to alpha Lucas and Lester). Some of the austenite is retained 
at atmospheric temperature. According to Sauveur the austenite 
that undergoes transformation becomes troostite, a solid solution of 


ron carbide in beta iron. This troostite together with the retained 


iustenite in which the transformation has been partially completed 


forms what we know as martensite. Lester considers martensite to 
ean aggregate of small distorted iron crystals which crystals may 
represent a solid solution of iron and carbon. Lueas thinks that 
martensite is an aggregate of ferrite (alpha iron) and iron carbide. 
Sauveur considers austenite to be harder than pure gamma 
because it is a solid solution which is venerally harder than 
pure metal. Troostite is harder than austenite because beta 
is harder than gamma iron, also because it is fine grained, or 
‘ause its lattice may be distorted and possibly because of internal 
rains. 
Summing up the hardness of martensite in a few words we 


say that martensite is hard because: (1) it is fine grained; 
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”) because the cry stal lattice is distorted: (3) beeause if 


numerous particles of tron carbide which key the slip pla 


t) because of internal strains. 







When we view critically all of the conflicting opinions 
ing the constitution and hardness of martensite as outline 
present installment and in still greater detail in the an I's 
Sauveur’s questionnaire two facts are outstanding. Thy 
that there is considerable agreement as to why martensite 


The second is that there is very little agreement in regard to thy 







constitution of this familiar metallographic constituent. W, 
been able to do no more than look brietly at these various ODL 


and theories which at times have been expressed so. fore iby 






as we view them we should remember that we do not knoy 
about the phenomenon of the hardening of steel after all. What 


the future holds no one knows: perhaps we shall soon learn t} 







truth, perhaps never; but in any case we should bear in mind wi 


Sauveur has so truthfully said: ‘‘as One grows older, he 


Meco me 


ever more CONSCIOUS of the frailty ot human knowledge. Ot thi 


Vast 


ness of what one does not know, of the Folly of dogmatism! 


ENT PATENTS 


Reviews of Recent Patents 


By NELSON LITTELL, Patent Attorney 
475 Fifth Ave., New York City—Member of A.S. S. T 





1384, Mar. 5, 1929, Casting Magnesium and Alloy Thereof, John A. 
d John E. Hoy, of Midland, Michigan, Assignors to the Dow Chem 
npany, of Midland, Michigan, a corporation of Michigan. 
patent deseribes a mold for casting magnesium allovs, consisting 
lic mold part 1, and a core 6 having a sprue TL therein Tn the 


mold loan annular groove 5 is cut having passages 4° to the 


and inside this groove material to generate inert ga 


hlor-benzol may “be apphed and ignited, and when the 


Co 


vapor from this material penetrates through the 


(rye nigs 


cavitv to produce a non-oxidizing atmosphere in the mold, 
| S | 


702.359, Feb. 19, 1929, Electrode Holder, Einar Molmark, of Am 
bridge, Pennsylvania. 


s patent desertbes an electrode holder for metallurgical furnace 
Hs 


like which will automatically take care of expansion and con 


of the electrode and permit the same to. ly fed forward, 


as (i 


it the same time holding the same firmly at all times Oni 


= 


ments illustrated comprises a continuous ring-like membet 


from a suitable support 3 through which the electrode <A 


is passed, 


ny shor 16, operated trom toggles 19.55 and links 4 a holds thre 


in position in the member 2 and a lever 55, carrying an adjustable 
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weight 57, 
contraction of 


release ad to pel 


1,702,524, Feb. 19, 1929, Apparatus for Batch Tempering, J 
Sewickley, 


Schoonmaker, 
Pennsylvania. 


This patent desc ribes 





the 


mit 


JYr., 


rR 


forward 


of 





{1NSA( 








TIONS 


and also to 


a batch 


feeding of 


Ol} 





Till 


yy | 
the 








| 


holds the elamping shoe 46 in position to permit ey 


holder 


nit the clamping e] 


electrode as 


desired 


and Laszlo M. Stempel, of 


tempering apparatus consist 


tery of furnaces having spaced work supporting members 


eonvevor 39 movable 


with tine forks 104 adapted to be 


porting memb« 


from, or 





and hy means 
ing tank and 


vevor. 


rs 


TO deposit 


ot 


remove 


A loading 


and an unloading 


used for loading the furnaces, for quenching the 


treatment and 


provided for the operator of the machine, 


trolling the movement of the conveyor along the top of the quence! 


>”) 


1,704,015, 


for 


36 


to lift the 


them 


them 


thereon, 


od the 


on wheels 40a over the quenching tanks 


projected between the Space 


articles 


to 


therefrom 


platform at the oft 


unloading the 


Mar. 


5, 1929, Continuous Annealing and Cleaning Process 
Harry M. Naugle and Arthur J. Townsend, of Canton, Ohio, Assignors, by 
Mesne Assignments, 


move 


platform is provided at 


her so that 


same. <A 


to The Columbia 


and 


them 


the elevator plunger 85 to lower 
place them on 


one end 


uncle rgoing he 


over 


at 
the 


them 


ot the 


the 


articles 


bridge having 


Steel 


Pennsylvania, a corporation of Pennsylvania. 


This patent deseribes 


flat strip material 


from the eoil 


LD, thenee through 


A through the strip leveler B and welder GC, 


i 


an electrical heating 


or strip sheets 


a continuous annealing and eleaning pro 


cooling duct, a pickling tank, a 


The process is earried 


out its width 





in 


then quickly cooling 


an atmospheric 


the 


out 


by uniformly heating the strip quickly 


strip in 


al 


as until 


‘ 
~« 


furnace 


washing tank 


the microstructure 


which comprises 


and a 


Company, 


which 


recoiling 


treatn 


(jue rie 


into 


a suital 
bank 
COSY ey Ol 
underge 


a plat 


of 


passing 


is follows ( 


non-oxidizing atmosphere to 


is 


| 


(i 


T 


Cr 


} 
( 


who operates the contro 


Pittsburgh 


the 


solution 


C 
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enle, and ther cleaning 


tinuous endwise movement 


track 16 for continuously welding 


ps so that there will be no break in the 


1.327, Mar. 5, 1929, Device for Heat Treatment of Metals, Edward 
F. Kenney, of Bethlehem, and Louis H. Winkler, of Johnstown, Pennsy!] 
Assignors to Bethlehem Steel Company, of Bethlehem, Pennsylvania. 
deseribes an apparatus for the heat eatment of annular 

car wheels, comprising a quenching t: ’ containing 


wenching liquid 27 and having a rollet 


oa 


B 
tf) 
40 #4 


—- 


Aa oa 


” 
“x 
- a 
Fs 


LS 


RES ASTSTS 


the ear wheel and » rotated by means of the motor 6 to sub 
same to the action of the cooling fluid. To protect the web of thi 
eel separators 35, mounted on plungers operating from fluid pressurs 


rs 39, may be foreed into and around the web portion and protect 


Process ’ 
nors, by me from the cooling tluid. In addition to the cooling fluid in’ the 


+ 


tsburch t , the quenching material may be sprayed upon the tread of the 
le the pipe 25 and from the nozzles 26. The shielding web 85 may 
ved at any desired time during thre rotation of the wheel ] TO sub 


Ww ¢ hy To the desired cooling action. 


1,696,964, Heat Treating Furnace, Harry O. Breaker, Buffalo, New York. 
at treating furnace comprises an electric furnace’ including fixed 

side walls and a removable bottom, the bottom being raised and 

| into its co-operative relationship to the other parts of the furnace 


ns of an elevat 
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In the preparation of the Engineering Index by the staff of th 
Society of Mechanical Engineers some 1700 domestic and foreign technical 
tions received by the Engineering Societies Library (New York) 
searched for articles giving the results of the world’s most recent 





\ 







are 
engines 
scientific research, thought, and experience, From this wealth of mat: 


\. S. S. T. is supplied with this selective index to those articles wi 
particularly with steel treating and related subjects, 
































AIRPLANE ENGINES—CASTING teel s greater thar 
Found Co-operates in) Retining Acroplane in cost f alloys used 

Mngines, } Hamilton Can Foundryman HEAT PREATMEN' Laat 

(Toronto), vol 7, one » Fel 1929, pp Preatmoent Vech. World (M 





1G-TS, , tlw hale | 





no, 2202, Mar. 15, 1929, 


Method f custing iirplane enhngrihes 1 Specihe laws Which wover 
ea ' 
| 











leseribed design of evlinders and heads of every alloy and steel are 
for air-cooled engine ind improved method rect annealing or normalizit 
f cooling: valve chamber ection made hol precautions in tempering, for; 
how method of hollowing nuit ind Inte! ching, carbonizing high ye 
onnecting cores, Which removed most ot result of neglect of time 










ried 


While casting treatment of gun recoil sprin 





ALLOYS, MAGNE TIC—PERMINVAR 


AIRPLANE MANULPACTURE— Remarkable Magnetic Alk ia 


ALUMINU™M ALLOYS 















nouvel alliage magnétique el 

Machining Aluminum and = tt Allovs, R perminvar), Ge \ Klien l 
L.. Templin friation .Eng., vol. 2, no. 4, trique (Paris), vol, 38, no, & 
Apr. 1929, pp. 11-12, 3 fig 1929, pp. 05-06, © ig 

Efticient use f aluminum and its alloys From articl ‘“Magneti Prop 
demands close attention to tolerance both in minvar’, published = in Fran i 1 
fabrication and machining of many parts Sept, 127, previously indexed t I " 
tf aireraft made from these materials: cut tem ‘Pech, Jl, Jan lyey 
ting { | ind cutting edges necessary for 
machining aluminum: tools for rough turn ALUMINU™M ALLOY CASTINGS— 
ne; threading, drilling and sawing alumi WELDING 





niin; cutting lubricant 







Repair of Aluminum Wa 






























Welding Proc (Dis Vusthe 
ALLOY STEEL \luminium-Gussteilen durch Seh 
ANALYSIS The Determination of Alumi verfahren), Reininger ‘ 
num im Steel, \ | Etheridge lnalyst (Berlin), vol. 26, no », Ma 
(/ nel), vol 4, mh ORG Mar 1929, pp 125-131. ’4 ftivs 
141-144 Aluminum castings which 
Determination made briefly as follow iron r another leave mold in defect 
is removed trom  chlorick solution by OX cun often be satisfactorily repa 
traction with ether, and = other interfering ing or preferably welding; mec 
metals are removed by eleetrolysis over met ical, and thermal preliminat 
curv cathode from sulphuric-acid solution; parts to be repaired; autoget 
aluminum is precipitated with ammonia and parts of different aluminun 
ifter weighing, i analyzed to obtain cor treatment of welded part 
ection for other substances present 
CASTINGS Allov Cast Steels, D. Zuege ALUMINU™M ALLOYS 
im. Foundrymen’s Assn. Preprint, tor mtg Aluminum Allovs and their th 
Apr. 8 to 11, 1929, pp. 861-384, 6 figs portance (Dic Aluminium Leg 
Data relating to alloy steels idapted = to deren Bedeutung fuer dis Ind 
foundry use are given: classification of alloy fuer die gesamte Giessereipre 
teel custing 3 characteristic effects of 0, nos. 9 and LO, Mat 3 and 1 
chromitum, nickel, manganese, Vanadium, and 33-34 and 36-38 
molybdenum upon structure of steel; com Notes on production of alu 
parison of chrome-nickel and manganese-cat melting process, molding, and ca 
bon steel; proportional cost increase for high est strength is obtained with 6s 
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Yield point, % per 
cent extension 
Ultimate strength 


Klongation in 2 in... tS 


?O O00 + * (00) 


25.000 + 5,000 


(0.000 + 5.000 


Reduetion of area 
Brinell Hardne 
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CONSTITUTION OF NICKEL-CHROMIUM ALLOYS 
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regarding \ ‘ titution of this” series 


lity ‘ \ } ‘ | t 
COMGULLION il \ I HOS CLCTICILTIErY 


to establish thermally the conditions of equilibrium is that of 


econeluded that the series was one oft complete solid miscibility, havi 


minimum in the liquidus at 58 per cent chromium, His allovs wer 
in a nitrogen atmosphere and in view of the considerable reactivity 
this gas and chromium some degree of uncertainty is associated with 
Bain,’ while giving no experimental data, appears to disagree and bel 
all proportions ot ni ke] ana chromium Thi It hetween the fusion ten 
of the pure metals. 

\s far as is known, nickel and chromium each exist in but one 


phase between room temperature and their melting points, a 
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alloys , from which it appears that nickel contracts the lattic: 


of copper linearly per atom) from 3.60 A for copper to 3.54 A 1 


Mention may be made of the conclusion of Gans and Fonseea,’ ba 


the constaney of-the Curie temperature and the magnetic suseeptib 


the range 15-50 pel cent nickel is heterog heous., It has since b 


that the lattice parameter changes uniformly across this range, 


assumption of heterogeneity is not substantiated. 
The magnetie transformation of nickel, which is aeceompanicd 
structural change, is depressed’ by copper to about room temperatul 
per cent niekel. This transformation persists at sub-atmosphert 
atures and has been traced® to 230 degrees Cent. at 3 


35 per erent ! 


REFERENCES 


| 


ivsical Soci 


Ph 


Mining and 














News of the Chapters 














STANDING OF THE CHAPTERS 





GROUP 
\ngeles 
Milwaukee 
Hlarttord ri ity 
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GROUP Il—Los Angeles continues to head this group with more than 








able margin, having increased its membership 5 per cent during 





month with ten new members. This inerease of 10 was in spite of 






that they lost seven by non-payment of dues. Milwaukee and 





continue their normal inerease in membership, while Golden Gat: 





yuin of six advances from fifth to fourth position. 






















Weomer in the group this month is New Jersey, which last 





id position number fourteen, and with a net inerease of forty-four 





has advanced from sixtv-three members to one hundred and seven, 
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\ joint meeting and plant visitation at the 
hlehem Shipbuilding Corp., Quiney, Mass 
ipter, American Society for Steel Treating and thi 
American Welding Society on Friday, April 5, 1929. 
and guests of both s ‘ties registered at 2 p.m. and 
departments of the n Which welding operations 
During the f of the afternoon the party 
Tnited Stat avy, having been granted permissior 
Navy to go aboard the partially completed cruiss 
The trip over tl hip was conducted by naval office: 
struction, the at Ing appheations receiving partieula 
At 4:30 p. om. the members assembled in the conference 
veral motion pietures covering electric and gas weldi 
vy the officers of the American Welding Society. 
Dinner wi rved in the main dining room 
llarrison ‘ < , ol Boston Chapte i es Bw 
no din ( iry’s report, including the nominations for 
officers, wi ad. » Gould, general manager of the Bet! 
building Corporation’s Fore River Plant, a strong supporte 
ties, welcomed the members and gave a short humorous tall 
treaters and 
J. Ro. Dawson, metallurgical 


Carbide and Carbon Research Laboratories, Ine., 


York, was introduced by ¢ W. Babeoek, chairman 


section of the American Welding Society. Mr. Babeock, a men 


socreties, prefaced the introduction by a tew remarks regard 


relation between the work of the two organizations and thi 
derived by co-operation. 

Mr. Dawson, who spoke on ‘* Fusion Welding’” covered tl 
a broad manner, giving the high spots of the several, popular 
welding. His talk was followed by over an hour’s discussion, thi 

al officers at Fore River taking a very prominent part. 

\ rising vote of thanks was tendered to the speaker and 
and his associat 1¢ hospitality which marked this and 


to Fore River, Th joint meeting was the first effort to 
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ire rolled into bar products and where all of the specialties for 
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KMisenman was first called upon and he told of the work of th 
ociety from the viewpoint of the secretary. J. M. Watson next 
ey of the financial history of the society and Dr. Jetfries gave 
the broader aspects and work of the national organization kollow 
three speakers, S. Hl. Buck, secretary of the Bethlehem Chamber ot 


was introduced as the principal speaker of the evening 
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gorating talk upon the aspirations of the residents of Bethlehem 
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a hundred miles or more might arrive at their homes before midnight 
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ited on having planned and executed the most out tanding meeting 
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it having surpassed in attendance several of the semi-annual meet 
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ing was the first of its kind to be held by this group of chapters 
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fluxes are unneeessary due to the presence of n 
the metal. Welds made with an aleohol flame show 
subsequent brittleness Mr. Warner said that today 

molybdenum, tungsten, silicon and chromium steels could all be wi 
nteresting discussion followed these papers. P. at. 
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custom, this meeting was set aside 
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The first speaker of the event was Professor 8S. L. 





Thursday, 


ance 


Goo 


May 


With 


Shop Kink’’ event a 


lale of 
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versity of Pittsburgh, who gave a very interesting paper on the ‘* Lit 
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t} 


of Metallurgy.’ Professor Goodale treated the subjeet in his us 
esting manner and after conclusion of the paper considerable di 
ensued, 

We next had the pleasure of a talk by Professor J. A. Aston 
well known, Professor’ Aston has received international prominence: 
due to his discovery of what is now known as the Aston process 
manufacture of wrought iron. Professor Aston outlined in brief, th: 
leading up to the adoption of his process by the A. M. Byers Co 

He deseribed the building and equipment of the new plant 
constructed, gave some very interesting facts regarding the press 
duction and the possibilities in the future. As was to be expected, 
tire audience was interested in Professor Aston’s talk and quit: 
erable discussion followed. 

A. M. Cox of the Pittsburgh Commercial Heat Treating Co. rea 
per on **The Relation of Brinell Test to Tensile Strength.’’ My 
paper was along the lines of a paper which he presented to the cha 
years ago, and as was to be expected, it created considerable di 
and it was necessary for the chairman to shorten the discussion sé 
owing to the lateness of the evening. 

Prior to the reading of the above papers, Mr. McInerney, the 
chairman, presented the new chairman, D. J. Richards, of the Ek. F. H 
Co., who made a suitable opening speech, during Which he stated 
that a chapter such as Pittsburgh should be in first place instead 
place. He gave the personnel of the various committees and it is 


indicated that the chapter is preparing for a 


The June 


meeting will be in 


the na 


Very 


ture of a 


seats having been reserved to watch the National League 


‘* Phillies ”’ 


The 
thirty 


usual 





The regular monthly 


HLlotel Osbourne 


members 










meeting « 
, on April 8, 1929, 
dinnet 


informal wa 


Oo 
> 


and guests 


present, 


on Saturday afternoon, June 1, 
held at the Frontenae Club. 


ROCHESTER CHAPTER 


tf the 


S 


This 


sery ed 


after whi 





Rocheste Chia 
In a priva 
number was 


h 


a 


pte l 


te ad 


Pirates 
Smoker 


H. ht 


was hi 


ining 


increased to 


‘ . 1 1 
picnic, several I! 


exceptional Seasol 


Wil 


Wa 








OF THK CHAPTERS 







asselhn 


speaker, 





the General Allovs Co., was introdueed., 








ral \llovs Co.. who vas invited to 







(a Me 






chaptel on \pril S was unable to he wit} Ss, owing to | 


\ln 









O¢ his regre TS through \l et OrmickK, vho. mn 7 rm, ’ 











Resisting Allovs.’’ 


icCormiek stated that e¢hromium-nickel allovs contain prin 


ind nickel with proportionately small amounts of iron. Their orig 


thre 





form of resistors fo heating elements which were 
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ther deteriornting influences eneountered in industrial furnaces and 
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tant quality of retaining its strength at elevated temperatures. 






mber of slides were shown of ¢arburizing boxes, trays, rails and fim 







e continuous type, chains, gears, furnace parts, ¢yanide and lead 


ets, hump and pit type furnaces with alloved guard rails, furnac: 
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the talk, Mr. MeCormick was given a rising vote of thanks and the 
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the Sun Room of the hotel and forty members and 






















guests from both Secieties were present. This number also included sustain 
g erships of the chapter, who were guests at this meeting. 

wing the dinner, the meeting opened in the roof garden, where about 

e members and guests had gathered to hear Dr. Zay Jeffries, of the 

(‘o. of America, talk on ‘‘ Recent Metallurgical Dy velopments. 
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rposes, although good results have been obtained in cutting 
such as wood, asbestos, hard rubber, ete Chromium plating 
: esstully emploved i the production of certa | gy parts as 
| automobile wrist pins. 
y the discussion that followed the talk, it was explained that it 
fficult to plate chromium on alloy steels, particularly chromium 
on plain carbon steels. This phenomenon is due to the passivity 
le film produced on the surface ot the article to be plate Sx 
( ithodie pickling’’ may, however, help the situation Phe: grain 
chromium deposit is very small and the hairlike racks of tl 
hen examined under the microscope, should not be interpreted a 
houndaries The most suitable tanks to hromium plating ag 
stoneware, mits 
Washington-Baltimore Chapter held its May meeting at the In 
rtment Building, Tuesday, May i. This meeting, the last one ot 
session, Was very interesting and lively one judging from. thi 
if attendance, the colorful audience of prominent metallurgists 
ifacturers, and the splendid lecture presented by the speaker oft 
kness 
sual dinner in honor of the speak« and guests was held at. the 
Club and was attended by about 75 members. The chairman of the 
pter, H. WK. Hersehman, called on Dr. Burgess who told of the de 
; ot fou past chairmen of the Washington-Baltimore Chapter, 
Strauss, ?. E. McKinney, H. J. Freneh and Dr. Gillette who have 
: re preparing to leave for other work. Dr. Jeffries, national president 
\. S. S.OT.. and W. H. Eisenman, national secretarv, were calle 
nand each had something important to tell the members 
ss Jerome Strauss, formerly material engineer at the Naval Gun Factor 
; chief research engineer with the Vanadium Corp., had for hi 
- ‘Vanadium ino Industry. ”’ \ brief history of the element and the 
Ll of recovery from the ore wis given and illustrated with slides. © Som 
: s of vanadium were given and also the benefits derived from its uss 
uA 
. ron, cast steel and special steels and parts subjected to elevated tem 
; s were given, The meeting was thrown open to discussion after thi 
q if the number and variety of questions asked is an indication of th 
‘ shown, then the speaker was generously rewarded, 
William R. Angell, 
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TRANSACTIONS OF THE A. 8. 8S. T. 


Mr. Tour stated that every heat treating room should have 


a salt 
it should be used intelligently, that is, a salt bath cannot be 


kinds of work under all conditions and give satisfactory results. B 
for the right kind of work under the correct conditions, very satisf 
sults may be expected. 

Some of the reasons for the use of salt baths are based on: yr 
formity, greater out-put, greater out-put per dollar and less decarbu 
The useful range for any salt bath never exceeds 700 degrees Fah 
means that a number of salt baths of different melting temperatures 
prepared to cover the entire range of temperatures necessary to obtain 
treating. Lead, on the other hand, has a larger range of usefulness t] 
composition salt bath. 

Tempering baths which generally consist of nitrates and nitrides a 
dangerous if used with care. But if a salt mixture is placed in a dirty 
becomes contaminated with oil, ete., bad results can be expected and 
times serious explosions occur. All tempering salts contain nitrates t) 
hetween 300 and 500 degrees Fahr. 

When mixing salts of different analysis the melting temperatur 
mixture will either be raised or lowered, in general, and the main o 
mixing is usually to obtain a mixture that will have a lower melting 1 
ature than either of the salts used in the mixture. ‘To determine what 
the resultant mixture has on the steel to be heated, you first determin 
effect the salts used separately have on the steel and then the conclusions 
what effect the mixture will have can be drawn. 


Mr. Tour stated that it is possible to maintain a salt bath in such 


dition that it will not decarburize. Pitting is not related to deearb 

The design of the furnace, operation of the furnace and the maintai 
the proper analysis are all necessary requirements for good results. Thi 
tion of boric acid to the bath will often prevent soft skin due to deca 
tion. Mr. Tour illustrated by slides the effect of different composition 
on deearburization and soft skin. Localized bath heating is not recom 
with a salt bath, but a lead bath can be used to great satisfaction. 


Salt baths heat about 1% as fast as lead baths but much fast 


when steel is heated by hot air or gases. 


Carl G. Johns: 


VOLUME XV COMPLETED 


—— issue of TRANSACTIONS completes Volume XV, which covers the per 
from January, 1929, through June, 1929. Volume XVI will inelud 


period from July, 1929, through December, 1929. The index for Volume XV is 


now ready for distribution and may be secured upon request. 

Those desiring to have their loose copies of Volume XV _ bound i 
ance with the style used in binding Volume I to XIV, inclusive, may do s 
forwarding them to the executive office of the society, 7016 Euelid A 
Cleveland, together with $2.00 per volume, and they will be bound a 


turned promptly. 
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NITRALLOY 
Prices 
Substantially Reduced 


IG production has cut our costs on 

Nitralloy. A new, low price on 
this amazing metal opens even greatcr 
uses and vaster possibilities. Now 
many manufacturers who have appre- 
ciated the distinctive advantages o/{ 
Nitralloy, can use it in their products 


For resistance to the constant, stead) 
grind of metal to metal wear - - > wher- 
ever there is need for extreme surface 
hardness - - « there is no metal you 
can use so successfully as Nitralloy. 


A surface hardness equivalent to 
1100 to 1200 Brinell is possible wit! 
Nitralloy. The process of hardening 
by nitrogen—a simple one—is done 
after the part is completed. The 
depth of the case is determined b) 
the length of time nitrogen is used. 


Hundreds of objects are made better 


—much more enduring by Nitralloy. 
Shackle bolts, steering worms and 


gears, pump shafts, worm drives, 
king pins—etc. 


Our expert metallurgical staff will be 
glad to discuss your requirements. In 
vestigate the new low prices. 


CENTRAL ALLOY STEEL CORPORATION 
Massillon and Canton, Ohio 


WORLD'S LARGEST AND MOST HIGHLY‘ 
SPECIALIZED ALLOY STEEL PRODUCERS 
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THE L & N POTENTIOMETER PYROMETER 


>N Potentiomete 
it 10 inche 


Do Not Affect The Calibration Of 


This Different Pyrometer 
N ECHANICALLY, by its very size and 


power, the L & N Potentiometer Pyrometer 
is independent of the effects of summer heat or 
winter cold upon the instrument. Electrically, 
compensation that is positive has been built into 
its circuits. 
\ simple little spool of nickel wire varies in 
resistance as cold junction temperature varies. 
It compensates with known exactness for the 
millivoltage variations in the null detecting 
circuit. The instrument calibration is constant. 
In the instrument’ proper, circuits are of alloys 
insensitive to temperature changes within the 
a me 'c in atmospheric range; holding errors from this cause 
e your problem. to less than 1° F. 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE PHILADELPHIA, PA. 


Branch Offices : Cleveland Chicago Houston Los Angeles San Francisco 


—— 


L & NPotentiometer Pyrometers—Different from All Others—Most Accurate In Industry 
For Indicating, for Recording, or for Automatically Controlling Temperatures 


rFRANSACTIONS 
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Timken Emphasizes 
fe Personalized Stecls 


For every purpose there 13 ove stee/ whicl 

will prove most enduring and add all 
sible economics to fabricating and service. ‘lo deter- 
mine this particular steel requires more than merely 
a row of furnaces and a string of mills. The ability 
to work out, Wy advance, the most suitable orade, 
type, SIZE, shape and quantity 1s probably the 
primary advantage in using Timken Steel. 


But in addition to fitting a steel to a particular pur- 
pose, the resources and unusual facilities of the 
fimken personnel and physical properties provide 
the most reasonable solution of problems involving 


counsel and quality. 
There is the widest choice of reasons why any user 
of fine steels should measure his present supply by 


the Timken standard. 


THE TIMKEN STEEL & TUBE COMPANY 
S A N T O N, O H I O 


Detroit + Chicago + New York’ -< _— Los Angeles 


Ti M 


Electric Furnace and Open Hearth 


ALLOY STEELS 


When writing to The Timken Steel and Tube Co., please mention TR ANSACTIONS 
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EE EE ATE AC IT i 


DRAWITE SALTS 


for Drawing and Tempering Steel 


Temperature ranges 300° F. to 1200° F. 


RAWITE SALTS are 

made from clean, pure, 

selected chemicals; properly 

blended in correct eutectic 

proportions. Always care- 

fully made they give con- 

tinuous service without de- 

teriorating in use and with- 

eae out pitting or corroding the 
\|csevecane omy steel. 


DRAWITE does not attack 
the furnace pots, washes off 
quickly and easily from the 
steel and is non-rusting. 


Each grade is packed in barrels containing about 450 
lbs. each. The No. 500 grade is less expensive than 
the No. 300 grade. There are no better drawing salts 
made. 


Write for our very attractive prices! 


Manufactured only by 


THE CASE HARDENING SERVICE CO. 


281 Scranton Road Cleveland, Ohio 


Bohnite—C aseite—Pressed Steel Pots—Non-Case—Ni-Cro-Al 
Furnaces—Boxes—Scleroscopes 


n TRANSACTIONS 





MANSACTIONS OF 


HOUGHTON’S QUICK-LIGHT CARBURIZER 


Is the last step in the perfection of case-hardening 
material. 

QUICK because it reduces the time required for 
the process. 

LIGHT in specific gravity, reducing the cost of 
material. 

A superior substitute for raw bone, bone-black, 
charcoal, and pilled products. 


Not new as to ingredients, merely old and well 


tested ingredients amalgamated in an improved 
way into a superior finished product. 


Particulars upon request. 


HOUGHTON’S CARBURIZERS 
more extensively used than all other makes 
combined. 


guaranteed tree from coking coal and all 
other adulterants. 


manufactured at three plants, Philadelphia, 
Chicago and Detroit. 
the result of a half century of experience. 
ARE absolutely uniform. 
ARE the lowest in first cost consistent with 


quality. 


When writing to E 1 . please mention TRANSACTIONS 
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not experimental. ; 


backed by best 

service. N 

made of raw materials, the supply of which 
is guaranteed. 


made by those who know how. 


Kk. F. HOUGHTON & CO. 


SINCE 1865 
Philadelphia, Pa. And All Over the World 


PRANSACTIONS 
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| ERE’'S where a famous 
wrench gets its harden- 
ing treatment for the future 
hard knocks it gets in ser 
vice. A Hagan Electric 
Pusher Type Furnace _ in- 
stalled for the Trimont Mfg. 
Company,gives each wrench 
a scientific heat treatment 
at a definite, unvarying 
temperature and for a defin- 
ite, length of time, then 
automatically discharges 
the wrenches into the 
quenching tank. 
Hagan Engineers will be 
glad to analyze your heat 
treating problems and make 
their recommendations 
without obligation, 


George J.Hagan Co. 


Chamber of Commerce 
Bldg., Pittsburgh, Pa. 
Detroit Office 
155 W. Congress St. 
Chicago Office 
20 E. Jackson Blvd. 
San Francisco Office 
273 Seventh St. 


Or 








When writing to George . ag please mention TRANSACTIONS 
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jrit’s DONE WIPILHEAT, VOU CAN DO TE BETTER WIPE GAS 


Sales of manufactured gas in the United States for industrial and commercial purposes from 
1921 to 1928, inclusive. Note that the actual volume has increased more than 
100°. Wherever heat is needed, gas heat is better. 


Kach year Industrial Gas 
Heat gains in popularity 


ACK in 
odd billions of cubie 
feet of manufactured 
* 
gas met Industry’s needs. 


1921, seventy- 


Last year Industry used a hun- 
dred and forty-seven billion 
cubic feet. Something more 
than double 1921’s record! 
This gain wasn’t philan- 
thropy. Industry is hard 
boiled. Gas heat produces! 


Today there are innumerable 


AMERICAN GAS 


uses for gas heat in industry. 


heat is economical: 
wrofitable. [tis flexible; capa- 
[ie of accurate control and 
accurate regulation. Above 
all, it is dependable. What- 
ever your heating problem, 
gas heat gives you the most 
for your fuel dollar. 


Gas 


A copy of “Industrial Gas 
Heat” should be on yvourdesk. 
A postal card brings it. Write 


ASSOCTATION 


420 Lexington Avenue, New York 


PRANSACTIONS 





TBANSACITIONS OF THE A.S8. 8. T. 


‘This Practice 
‘*Has Greatly Prolonged the Life 


Of Our Refractories’’ 


. The Industrial Steel (¢ 


Co 


APL The! dustrial St 
\DAMAN'T Bin 

\DAMANT Gun (Price $25.00) for 

tion ting i if ADAMANT 


\DAM ANT comes in retra ri CO} fir] ns, W ha | id 
ae ee tions for the use of ADAMANT Fire Brick ( 
$()( ) Co ‘ ‘Ts, . . ° 

ith LDAC ROME tl uper-Ketractory Mixture Ot \DAM \NI 
Fine md ADA ’ . Fine ol rick wl 
CHROME Aggregate onditions are met) and ADAMANT-ADACHROM 
“d dry in 125 vvrevate wher fos a ae ont ‘wad 


1 . 
having up 


are shipyp 


0, TALE LD 


=. ;e IRIE C 
id reets, Phil | 


Civmer ostri 


. Use The ADAMANT Gi 


Srick, Use ADAMANT, the Original High Temperature ¢ 


When writing » BRotfleld Refractories C« please mention TRANS AC rION:s 
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LEITZ 


VICRO-METALLOGRAPH 


(Inverted Metallographic Microscope with Camera 


U. S. Patent No. 1,690,677 
IN STOCK FOR IMMEDIATE DELIVERY 


lfe er: : se 5 Ernst oor a - ou 
~ paren 


Casting Co, 


lhe Leitz “Micro-Metallegraph” is the one instrument which guarantees un- 


failing results. The superior optical and mechanical features are responsible for 
its acceptance as 


Y STANDARD FOR RESEARCH—AND ROUTINE WORK 
TiC by the leading Industrial Plants of U. S. A. and other countries. 
AAN 


arr 


The features are too numerous to itemize in this advertisement, but can 
be determined from 


YACHROM Catalog No. 1057 (P 
Ree sent upon request. 


LEITZ Micro-Metallograph awarded 


- D “GRAND PRIX” 
= € 0. | 


at International Foundry and Steel Exposition, Paris, 1927 


1) 
mt | 


G LEVDVZ, INC. 


NEW YORK, N. Y. 


60 East 10th St. 
AGENTS: 

Coast States: Spindler & Sauppe, Offices at San I 
tisburgh District: Fisher Scientific Co., Pittsburgh, Pa 
Washington District Paul L. Brand, 1135 Investment Bldg., 
The J. F. Hartz Co., Toronto 2, Canada 
ne Islands: Botica de Santa Cruz, Manila, P. 1 

Antiga & Co., Havana, Cuba, 


rancisco and Los Angeles, Cal 


Washington, D. C., 
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MERICAN Gas Furnace 

Company have been equip- 
ing their furnaces with 
“Nichrome” Ketorts for years 
They are pleased with the life 
of these retorts and their satis. 
factory service has made many 
friends for “Nichrome” among 


A.G.F.’s customers. 

. ; V 
In the illustration to the left 
large racers are being carburized 
in vertical “Nichrome’”’ retort 
furnaces because of the uni- 
formity of results secured—re- | Dri 
duction in floor space—reduction 
in labor for handling—elim- 
ination of packing cost, and the 


over-all .reduction in cost there- 
by made possible. 


The picture shown on the op- 
posite page shows a battery of 
American Gas_ Furnaces 
equipped with “Nichrome” 
rotary retorts used to carburize | - 
small and medium sized ma- 
chine parts. 


FLL Td ks 


Coil Lia 


° 
+ 


au | 


These are only two of | 
the hundreds of users of | 
furnaces equipped with | 

| 


MD Dieliceedieedineeetnentbet 5 
— 
es 


“Nichrome”’. 





When writing to Driver-Harris Co., please mention TRANSAC TIONS 
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Nic 


Slot 


TRADE MARK REC. U.S. PAT. OFF 


rome 


—the original heat-resisting alloy 


are assured of maximum 


VY Ol 


1 service when you equip your 


\merican Gas Furnace with a 


Driver-Harris “Nichrome” retort. 


Both companies have had the ex- 


perience that brings satisfaction to 
the ultimate user. 

All retorts and other  nickel- 
chromium carburizing containers 


are made under Henderson Patent 
No. 1,270,519. 


owned by 


DRIVER-HARRIS COMPANY 


HARRISON, NEW JERSEY 


Detroit 





When 


writing 


Morristown 


England France 
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16-cylinder Miller ef 
Marine Engine, built by a 
Harry A. Miller, Inc., Los 
Angeles, equipped with tim- 
ing gears and connecting rods 
of Chrome -Vanadium Steel. 


37,450 R.P.M.— 


Supercharger Gears Are Chrome-Vanadium 


N Miller Superchargers, of the new water-cooled 

type recently developed by Harry A. Miller, Inc., 
the impellers frequently attain speeds as high as 
37,450 revolutions per minute. Obviously, the gears 
which drive the impellers at such terrific speed must 
be exceptionally strong, tough and durable. Conse- 
quently, Chrome-Vanadium Steel is employed. 

In Miller Marine Engines, too, Chrome-Vanadium 
Steel plays an important part. It is used in vital 
forgings such as timing. gears and connecting rods, 
in which dependability is a prime essential. 

For every application where steels are subjected to 
unusually severe conditions and high strength, shock 
resistance and anti-fatigue qualities are required, there 
is a Vanadium Steel suited to the service. Our Metal- 
lurgists will be glad to co-operate with you. Write us 


VANADIUM CORPORATION OF AMERICA 

120 BROADWAY, NEW YORK, N. Y. 
** Miss Los Angel ib - 
idee ed cciogine CHICAGO PITTSBURGH DETROIT 


equipped with two of the new Straus Building Oliver Building Book Tower 
water-cooled Miller Supercharg- 


ers, one to each bank of eight Plants at Bridgeville, Pa., and Niagara Falls, N.Y 
cylinders. Research and Development Laboratories at Bridgeville, Pa 


VANADIUM STEELS 


for strength, toughness and durability 


When writing to Vanadium Corporation 0 nerica, please mention TRANSACTIONS 
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C EARS of all kinds, large races, ete., are car- 


burized in vertical retort furnaces because 
of the uniformity of results secured, reduction in 
floor space, labor for handling, elimination of 
packing cost, and the over-all reduction in cost 
thereby made possible. 


Bulletin 12A on rotary carburizing machines and vertical 
retort furnaces will be mailed on request. 


AMERICAN GAS FURNACE CO. 


ELIZABETH, 


} \ pes o LOV 
Iland and Stand 
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Wilson-Maeulen Controllers 


ee 
a m betes ot pre 
Rill ta ta ee ini 


Eo 


Only one dial to set 


Consistency, which 1s 
both of these instruments. 


Furthermore, they are 
a treasure for industrial service 


—— 


ING 


Representatives in 
all industrial cities | Wi LSON 


When writing to Wilson-Maeulen Co., please mention TRANSACTIONS 
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Rockwell Hardness Tester 


~ Weta Rite 
be pe 


Only one dial to watch 


ich 1s §be a Jewel, is characteristic of 
4 


ey are Mot simplicity, which is no _ less 
Service 


379 Concord Avenue 


New York 


n TRANSACTIONS 
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ROCKWE|L| 


FURNACES 
ELECTRIC and FUEL 


Electric Rotary Tilting Furnace 


Heating Small Parts by 
Electricity 


Heat-Treating or Carburizing is accomplished in this rotating type : 
tilting furnace with advantages in improved quality and decreased cos 
of product. 

Temperature is automatically controlled from inside and outside the retort 
Time of heating is decreased by continuous movement of the stock. 
Convenient handling and comfortable working conditions are afforded }) 
means for discharging direct from a hot retort. 


Write for Electric Furnace Bulletin 281-C 


New York Montreal, Canada: 
. fs 
Detroit ——w © 358 Beaver Hall 


Chi Cann 
4£nicago SHINE Square 
? Leinyees P 


When writing to S. Rockwell Co., please mention TRANSACTIONS 
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investment Protection 


HIS giant crane was put up simply to earn money. (Good engineering judgment decided 
upon the use of NO-OX-ID as the most reliable protection of the considerable 


fnancial investment it required. 


[he longer the equipment remains in service without reconditioning, the more it earns 


f uninterrupted dividends. 


Engineers high in reputation and responsibility are selecting NO-OX-ID to protect 


Bie heavy investments of their Companies from loss by rust. 116 railroads use NO-OX-ID. 


Many automobile and machinery manufacturers use it. Hundreds of ice plants and dairies 
se it. The government—large oil companies—aeroplane manufacturers—every industry 
where rust has been a problem is finding relief in NO-OX-ID. How can NO-OX-ID serve 


you in protecting from rust the investments that are in vour charge? 


Dearborn Chemical Company 


310 So. Michigan Ave. 205 East 42nd St. 
CHICAGO NEW YORK 


‘OX: 
TRON: >RUST 


TRADE MARK 


The Original Rust Preventive 


When writing to Dearborn al , please mention TRANSACTIONS 
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FRANCIS F. LUCAS 
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PAST PRESIDENTS 
Fe I Te hs hh dae 5 cl abe seach eae. o Ret ly ea WE 
FRANK P. GILLIGAN 
TILLMAN D. LYNCH 
GEORGE K. BURGESS 
WILLIAM 8. BIDLE 

ROBERT M. BIRD ..... 
J. FLETCHER HARPER 

KREDERICK G. HUGHES 
' Deceased. 
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ng firms and na us 
he work of the Socie ty, have cont but 
each year for the promot On oO 
NATIONAL 
4 TOOL STEEL CoO., Arthur T. Clarag Pp 
, ALLOYS CO., H. H. Harris, Pres { 
WELL TOOL SUPPLY CO... M G. Ste 
RAD TRACTOR WORKS, A. 1 Czent 
CRUCIBLE STEEL CO a iin a ane 
BOSTON CHAPTER 
STEEL CO., L. A Achorn Sti tae Rel ea eS o 
\N BOSCH MAGNETO CORP., G. J. Lang, Vice-P1 
\N METALLURGICAL CORP., K. A. Juthe, P1 
AN STEEL & WIRE CO., H. ¢ Pearsor 
STEEL CORP., H. J. West, Vice-Presider l | 
HEM STEEL CoO., INC., R. E. Belknap 
EKHEM SHIPBUILDING CORP., I Ris Plat 
OSTON CONSOLIDATED GAS CO., L. B. Cros 
Os ' GEAR WORKS, J. A. Ambrose ...... 

N-WALES CO., Chapin E. Harris .......... 

BLE STEEL COMPANY OF AMERICA, W. P. hi 
SON ELECTRIC ILLUMINATING CO., J. L. Faden 
LOWS GEAR SHAPER CO., H. C. Fell 

Pay, Remeeeee GP. - cece e teens 

L BROTHERS & CO 7 ; ; 

RIDGE BROTHERS Co., L. D. Ha ridge, Vice 
GHTON & RICHARDS, INC., George A. Mahoney, Ti 
'-SPILLER MFG. CORP., R Kr Harringtor Met 

STEEL CO., A. E., T. L. Kirkpatri \ 
Siig Pe iy Lea 
VORTHY, CHAS. 1 INC., Chas. I Ine 

APOINTE MACHINE TOOL COMPANY 5 etna ; 
{ASSACHUSETTS INSTITUTE OF TECHNOLOGY, L 

YONALD CO., P. F., P. F. McDonald, J1 

VALE CO., W. A. Sherbrooke .......... 
ATIONAL ACME CO., C. W. Simpson 5 
W ENGLAND ANNEALING & TOOL CO., Z. L. Sa 

ENGLAND METALLURGICAL CORP., A. D. 1 

\NDERSON CO., E. P., R. H. Anderson 
SIMONT MFG. CO., William T. H. Salte 
VION DRAWN STEEL COMPANY, L. Geerts 

ITED SHOR MACHINERY CORPORATION 
\LWORTH COMPANY, John J. Harman 
\LWORTH COMPANY, J. 1 Hart, Gen. § 

\RD’S SONS, EDGAR T., J. A. Parsons 
ETHERELL: BROTHERS Co. ........ 

EELOCK, LOVEJOY AND CO., INC. 
VILSON-CUTLER COMPANY, Fred W. Wils 
YCKOFF DRAWN STEEL CO., Henry A. Get 

t-BACH STEEL CO., L. E., L. E. Zurbach, Pres 
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ETHLEHEM STEEL CO., Edward J. Illig 
UrkFALO BOLT CO., James T. Currie1 
ARBORUNDUM CO., A H PM | ele wmies 
IONNER STEEL CO., INC., R. E. Sherlieck ... 
\LLS ELECTRIC FURNACE CORP., J. Robert Eves 
OUGHTON & CO., E. F., George W. Pressel! 
EWELL STEEL & MALLEABLE COMPANY 
INER, INC., W. H., Lewis F. Gadbois 

ERCE ARROW MOTOR CAR CO., John M 
<ATT LETCHWORTH CO., J. H. Birdsong 
oj a sg 4 PR 8, |: Se eee eee 

WIRE, SPENCER STEEL 














‘TRAL ALLA 
OOVER CO... T 
MKEN STEEL 


URATI 
UNA 


STI 


BALL BEARING 
Ll EN STEEL CO., 





STEEL 
W. M 





Y 
HE, 


& TUBE Co., 


INC., 


1ERSON-SHUMAKER CO., 


AS FORGIN 
LAS STEEL ( 


GOSSEK’ 





G CO., John 
XORP., Henry 
rr CO., E. Jd. 





T 


CORP. 
Harding . 
M. T 
OHICAGO -CHAPTE 
TREATING : 

MFG. 
EDGAR, H 


( 


CO., 
CO.. 


irl | 


CANTON-MASSILLON 


+ a 


Op, \ 


he ee 
G 
R. Adams .. 
Anderson, P1 


Georgeson, Presi 


ssett 


Hardwicke. Vice-Pres 
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TRANSACTIONS OF Till 


BLISS & LAUGHLIN STEEL CoO., Carl 
CENTRAL ALLOY STEEL CORP. J 
CHICAGO SCREW CO., THI ; 
COLONIAL STEEL CO., H. M. Bray, 
COLUMBIA TOOL STEEL CO., Thos 
DANLY MACHINE SPECIALTIES, ING 
FINKL & SONS CoQ., A., Chas. |! bi 
FIRTH-STERLING STEEL CO., Edw 
GORDON CO., CLAUDE § ; , 
GOSS PRINTING PRESS CO., M. W 
HALCOMB STEEL Co., J. H. Hinkley 
HUBBARD STEEL FOUNDRY CO | J | 
INGALLS-SHEPARD DIVISION OF WYMAN & GORDON (¢ 
INTERNATIONAL HARVESTER CO hi ecahe 
INTERSTATE IRON & STEEL CO., W. J. Mackenzie 
KLOSTER STEEL CORPORATION, Einat indeblad 
LARSON & SONS, CHAS. E., Martin bk arson Rd : 
LINDBERG STEEL TREATING CO., A Lindberg, 
rAL LUBRICANTS CO , o2 
“S GAS LIGHT & COKE CO., Theo 
rION TOOL HARDENING CO., John O y 
SERVICE CO. OF NORTHERN ILLINOIS, Emerson 
SERVICE CO. OF NORTHERN ILLINOIS, W. F. 
; BLIC FLOW METERS CO., Elmer Schneider 
STROM STEEL BALL CO., R. H. Coolidge, V. P. . pee 
VANADIUM ALLOYS STEEL CO. W. R. Mau, Dist. Mgr 
VICTOR X-RAY CORP., 1 W. Pag 


WESTERN CLOCK CO., J. A. Reinhardt, Met. 


CINCINNATI HAPTER 
AHRENS-FOX FIRE ENGINE CO. ..... 
ALLIS-CHALMERS MANUFACTURING ¢ 
AMERICAN ROLLING MiLL CO., W. J 
ANDREWS STEEL CO oan ae 
CINCINNATI BICKFORD TOOL CO., 
CINCINNATL GRINDERS, INC., J 
CINCINNATI MILLING MACHINE (¢ 
COLUMBIA TOOL STEEL CO., F. A 
DIEHL STEEL CO., A. M. Diehl aerate 
DRESSES MACHINE TOOL CO., Charles 
LODGE & SHIPLEY MACHINE TOOL , re Schoefflet 
MITCHELL STEEL CO., THE ........ 
TOOL STEEL GEAR & PINION CO 
UNION GAS & ELECTRIC CO., O. 
{ S. PLAYING CARD CO 


CLEVELAND CHAPTER 


ALLOY CAST STEEL CO., THE, Walter A. Dorsey, Works Manage1 
BIDLE CoO., W. § 

CASE SCHOOL OF APPLIED SCiENCE, Dent. of Met. & 
CLEVELAND WIRE SPRING CO., Chas. H. Erickson 
CLEVELAND WROUGHT PRODUCTS CO., THE . 
COLUMBIA TOOL STEEL CO., G. ¢ Beebe, Dist. 
DARWIN & MILNER, INC., Victor Tlach, President 
GENERAL ALLOYS COMPANY, H. G. Chase, Rep. .... 
MARQUETTE METAL PRODUCTS CO., Herbert Gleitz 
PITTSBURGH PLATE GLASS CoO., Dr. Geo. Lynn 
SUPER STEELS, INC., F. W. Krebs 

WARNER & SWASEY CO. .... ks vac ta ait 
WHEELOCK, LOVEJOY & CO., . Bartlett, Dist 


COLUMBUS GROUP 
BONNEY-FLOYD CO 
BUCKEYE STEEL CASTINGS 
COLUMBUS BOLT WORKS, D 
JEFFREY MFG. CO., H. W. D 
KAUFFMAN-LATTIMER CO. 


DAYTON CHAPTER 
CITY MACHINE & TOOL WORKS, T. J. Mullen 
DAYTON FORGING & HEAT TREATING CO., Chas 
DAYTON POWER & LIGHT CO., O. H. Hutchings 
DELCO PRODUCTS CORP., Ge \\ Elsey 
DURIRON CO., INC., W. E. Pratt 
FRIGIDAIRE CORPORATION, T. B. Fordham 
NATIONAL BROACH CO., F. Pohlmeyer ........ 
OHIO HEAT TREATING CO., THE, Harry Turner 
OHIO STEEL FOUNDRY CO., W. J. 
OHMER FARE REGISTER CO. 
SIMONDS-DAYTON CO., A. A. 


DETROIT CHAPTER 
ALLEGHENY STEEL CO., Clarence 


















1/)] 





ERTISING SECTION 











































M STEEL CO Detroit 

O.. ALFRED O., J. A, Howland Detroit 
LLER CoO., 1 W McGrath Detroit 

BRIDGE COMPANY, LTD., THI Andrew Leis! ! \\ ‘ e. Ontario, Canada 
STEEL CO., Arthur Schaefer, Dist. Sal Me Massillon, O 

\ STEEL & SHAFTING CO., Thos. H. Bootl Detroit 

4 TOOL STEEL CO Alex Luttrell, Dist Muy Detroit 

rN CHEMICAL CO ( I. Loudenbac Detroit 

ITY GAS CO., Hale A. Clar Detroit 

rARRIS CO W | Blythe, Dist Me Detroit 
FURNACE CoO., I 1. Pete ! Detr 

J B.. 8S li Rentor \ ! tte, Mic 
ALLOYS CoO., A. L. Grinnell, Det t M n aaerates 

AND GODDARD CO \. N. Godd | Det { 
COMPANY, GEORGI ‘= | Sandberg Detr 

1B STEEL CO., Arthur Schroeder Detroit 

' COMPANY, JAS. H., Richard A. Smart, Rey Detroit 

FT & CO., R. T. Cadwell, Re Detroit 

MOTOR CAR CO. .. Detroit 
fOTOR CAR CORP., I i Watts, Rep Detr 

LAUGHLIN STEEL CORP., Frat D. Heath Detroit 

DROP FORGE CO., I l Ladisl Detr t 

VORTHRUP CoO., E. ¢ Wal 1) 

. STEEL CO., J. 3 Polhemus, Dist. Mgr Detr 

v4 FORGE CO., J \\ Wilford Lansing, Mict 
HEMICAL CO Det 
SULAR STEEL CO., THI Det 
ELS COMPANY, |] ). Har \ Detroi 

RGH CRUCIBLE STEEL CO., W. W. Noble Detroit 

ELL CO., W. S., M. L. Hollister Detroit 

CHEMICAL CO., G \ Webb, Dist Mey Detroit 

ER & HASSLACHER CHEMICAL CO., Alfred ¢ Stepar Dist. Mgr Ch ig 

. CITY TESTING LABORATORY, HH. A. Weaver Detroit 
. TREATING EQUIPMENT CO., G. ¢ Nixon, Pre Detr 

. \CE COMBUSTION COMPANY, 1 \W Manke roledo, O 

< ACE COMBUSTION COMPANY, Henrv M. Hevt Detroit 

ISH CRUCIBLE STEEL CO., H. K. Nixon, Re Detroit 
ON DRAWN STEEL CO., L. H. Carlisle Det 

) FORGE & MACHINE CO., S. M. Wetmore Detroit 

IUM ALLOYS STEEL Co., R. R. Art . . Detroit 

STAR REFINING CO., Cha R. Miile Detroit 
CHE CORPORATION Det 















FORT WAYNE CHAPTER 













LNA SERVICE CORP D. B. Be , Kt. Wayr Ind 
INATIONAT HARVESTER CO kt. Wavne Ind 
HERN INDIANA PUBLIC SERVICE CO Kt. Wayne, Ind 















GATE CHAPTER 





loN 





GOL! 





















tIICAN CAN CO Oscar Malmauist, Supt. S. 1 Machine Shop San Francis¢ 
ICAN FORGE CO Joseph Eastwood, Pre San Francis¢ 
LEHEM SHIP BUILDING CORP., LTD | | I San Francis¢ 
RPILLAR TRACTOR CO., J. V. Munrt Peoria, I 
MBIA STEEL CORP., William Cohn, Asst. Get Supt Pittsburg, Calif 
CIBLE STEEL CO. OF AMERICA, Jame 4. Wa San Francise 
SCOTT MOTOR CAR CO., T. P. Mapes San Francis¢ 
NSON GEAR CO = . Berkeley, Calif 
PP. J. H.. Jd. BR. Gearhart Mer San Franciseo 
LUM STEEL CO Ceorge Batten, Sale Me San Francis« 
AULAY FOUNDRY CoO., H. ¢ William Olsen, Supt Berkeley, Calif 
ACIFIC COAST STEEL CO., J M. Stetter s San Francisco, Calif 
LheI¢ FOUNDRY CO., John S Fowler, Metallurgist San Francises 
STOCKTON FIRE BRICK CO., V. R. Sullivan Stockton, Calif 
HARTFORD CHAPTER 
ARPENTER STEEL CO., ¢ W Olsen, Dist Mer Hartford, Conn 
LINS CO., Guy Whitney, Plant Engineer Collinsville, Conn 
OLUMBIA STEEL SHAFTING CO., H. ¢ Booth, Rey . Hartford, Conn 
AFNIR BEARING CO., R. R. Searl New Britain, Conn 
IRTH-STERLING STEEL CO., Henry I. Moor Hartford, Conn 
tASSE & CO., INC., PETER A., Edward H. Bohnet Hartford, Conn 
NERAL ALLOYS COMPANY, Ralph Hare ; Boston 
\RTFORD CITY GAS CO Hartford, Conn 
{ARTFORD ELECTRIC LIGHT CO., Lewis H. Knapp Hartford, Conn 
LANDERS, FRARY & CLARK, J. F. Lamb ‘ : New Britain, Conn 
McINTYR MACHINE CO., John J. Melntyre . ; ...Hartford, Conn 
NEW DEPARTURE MFG. CO., L. A. Lanning ms . Bristol, Conn 
NEW DEPARTURE MFG. CO. (Plant A), Carl Anderson ... Bristol, Conn 
VW DEPARTURE MFG. CO. (Forge Plant), William Klenk: Bristol, Conn 
DEPARTURE MFG. CO. (Plant C), F. Casey Hartford, Conr 
DEPARTURE MFG. CO. (Plant C), W. E. Steinreich Meriden, Conn 
lr & WHITNEY CO., John Wade Hartford, Con: 
\TT & WHITNEY AIRCKAFT CO., Andrew Wilgoos Hartford, Conr 






WELL CO., STANLEY P : ; ; Hartford, Cont 









































































































































































































































































































24 TRANSACTIONS OF THE A. 8S. S. T. 











SCOTT STEEL FOUNDRY, 





JOHN »)., Edmund 8. Gardner 





Har 
SOUTHER ENGINEERING CO., HENRY ......ccccee. Har 
SPENCER TURBINE CO., S. E. Phillips, Secy. .......... Har 
STANDARD STEEL & BEARINGS, INC., James | Melson, Gen. Supt Plair 
STANLEY WORKS, Malcolm Farmer, Vice-Pres. and Gen. M N Br 
UNDERWOOD COMPUTING MACHINE CO., Otto Thieme Hart 
UNDERWOOD TYPEWRITER CO., IN¢ ; ; Ha 
UNION DRAWN STEEL CO., R. K. Newman, Sec: Ha 
UNIVERSAL STEEL CO., M. W. Singer, Dist. Mgr W 
WALLACE BARNES CO., Raymond (¢ H 
WHITNEY MFG, CO 1. C. Chapman, Rey Ha 

INDIANAPOLIS CHAPTER 
ADAMS CO., THE J B.. | D. Walla ‘ ; lr 
ATKINS CoO., E. C., W \ Atkins Ir 
BEACH, CLARENCE H Ir 
CARPENTER STEEL CoO., H. J. Jove I 
CRUCIBLE STEEL CO. OF AMERICA, ¢ V. Maver, Dist. Mg Ir 
DESAUTELS CO., THE GEO. O., Ge \ Desautels. Pres I; 
GENERAL ALLOYS Co., A. D. Heath, Dist. Mg Ir 
HOLLIDAY & CO., W ,.. Jae Holliday, Jr., Sees lt 
HOUGHTON « CO., 1 | William Hl. Brinkl I 
INDIANAPOLIS POWER LIGHT CO., W | Ri s | 
Abpea COW. J. W. 8 3 Burns, Jt ‘ ‘ I 
MULL, JR., CO... J. W.. General Manager, J. W Mull, Jn Ind 
MUNCIE PRODUCTS DIVISION—GENERAL MOTORS CORP., D. O. 1 nas M 
ROSS GEAR & TOOL COMPANY, I Gruer ild ; 3 Laf 
LEHIGH VALLEY CHAPTER 

BETHLEHEM STEEL CoO., D. ¢ Roseoe. ‘ ; Betl 
BIRDSBORO STEEL FDRY * MACH. CO., W. ¢ iH Birds 
BONNEY FORGE & TOOL WORKS, J. | Durham, Jt Alle 
CARPENTER STEEL CO ; Rea 
CONSUMERS’ GAS CO., Ellwood Gries ; a Read 
INGERSOLL-RAND CO., Metallurgical Department ; Phillipsburg 
KEYSTONE COAL & COKE CO., M. T. Dean .... ‘ Ph 
LEBANON STEEL FOUNDRY, K. V. Wheeler, General Managet Lebar 
PENNSYLVANIA-NEW JERSEY POWER SYSTEM, R. L. Bake Read 
ROLLER-SMITH: CO., Harry L. Miller ...... ee Bethlel 
rAYLOR WHARTON IRON & STEEL CO., Jehn H. Hal je ‘ Hig Bridg 
TREADWELL ENGINEERING CO., A. A. Neave ates . | 








LOS ANGELES ( 
ATLAS STEEL CORP., A. J. J. Ross 
AXELSON MACHINE CO 


HAPTE 


BETHLEHEM STEEL CO., R. W Schultze ; gis 

HEAT TREATING SPECIALTY CoO., INC., Carl Head . Does Long 

HERBERTS MACHINERY & SUPPLY CO as ; = ; 

HUGHES TOOL CO., A. A. MacDonald 

ier, wee Bee. -weecans ia le tua? cca ns Be ee 

LUDLUM STEEL Co., J. H. Spade, Rep ; 

MASTER LUBRICANTS CO., Wim. L. Hagenbaugh 

MINDER COMPANY, J. W., J W Minder 

REGAN FORGE & ENGINEERING CO.. ........... Sar 

SHELL OIL, H. H. Anderson ...... bees ; 

SOUTHERN CALIFORNIA EDISON CO.,. Librarian ...........cceces 

WARMAN STEEL CASTINGS CoO., C. J. Wiid Sok ae pial uaneaeas 
MILWAUKEE CHAPTER 

CARPENTER STEEL CO... C. W. Windfelder <...cccccccccsss 

CHAIN BELT CO., G IX Viall aie leae iMate esc 

COLUMBIA TOOL STEEL CO., Carl F. Scheid 

HEVI DUTY ELECTRIC CoO., E. L. Smalley 

HOUGHTON & CO., E. F., H. G. Llovd.... : 

MILWAUKEE ELECTRIC RY. & LIGHT CO., I 1. Coff 

MILWAUKEE GAS LIGHT CoO. ....... eon h barca aa art ip isa ahi teok 

SIVYER STEEL CASTING CO., L. S. Peregoy, Vice-Pres 

SMITH CORP., A. O., ¢ NN ss ce a Oe a ea Oke 

THURNER HEAT TREATING CO., R. T. Thurner ....... : 

WESLEY STEEL TREATING CO., Charles Wesley, Sr., Pres. .......... 
MONTREAL CHAPTER 

CANADIAN CAR & FOUNDRY CO., LTD., | Winsbort oly 

CRANE, LIMITED, J ee eee ae Se ee ee : 

CUMMING MFG. CO., J. W., Alex G. Fraser ............ New Glasgow, Nova 8S 

HULL IRON & STEEL FOUNDRIES, LTD., A. H. Coplan, .... <a winks 

PRODUCTION MATERIALS, LTD., W. J. Hall . sas lee aa .. Westmount 
NEW HAVEN CHAPTER 

re Oe. eee. Te. RE POO. rer dceecenseueeeavebwnsgns Wat 

Ce Ge eee, eee)... Fe. Gh, FEMUEOD cc ccc cecccccresssteccenbenwws Wat 

Crees es COO es Bie Be. FREER 5 occ ct keiccdcascwecesvieues New 

CRUCIBLE STEEL CO. OF AMERICA, F. J. Dawless, Sales Mgr. ........ New 


EASTERN MACHINE SCREW CORP., T. W. Ryley, Treas. .........4.. New 
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\T CA).. 


INC., E., A lraeg 


’ R. M gird, 

» CO... W. WW 
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HNICAL SERVICE 
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ALE ( 


VELI 
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RICAN HOIST & 
HEAD STEEL 
ENGINE WORKS, 
WN & BIGELOW, 
CTRIC MACHINERY 
IR MFG. CO., ¢ F. 
ELECTRIC 


STEEL & 
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MANUFACTURING 
CRUCIBLE 
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TY BROTHERS, 
INGTON STEEL (¢ 
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GENERAL 
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STEEL & WIRE 
SPEED TOOLS, LTD., 
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EL COMPANY OF ( 
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JRING 


PENTER STEEL CoO., 


RING 


WARD 
AMER 


DERR 
PRODUCTS 
i. ae 
INC., 
MFG 


Olmstead, 


HONEYWEI 
MACHINERY 


STE 


AND GOLDIE-MeCULLOCH, 
COMPANY, 
LTD., 
‘©... 

‘C.. 

ELECTRIC 
TOOL 
COMPANY, 
COMPANY, 
COMPANY, 
COMPANY, 
OO... 
J. Albert 
OF CANADA, 
ENGINEERING 
TION MATERIALS CO., 
ANADA, 
HYDRO ELECTRIC 


ELECTROTHERMIC 
ENGINEERING 
ATLANTIC STEEL CASTINGS CO., 
ROWN INSTRUMENT 

UDD MANUFACTI 
ANN 
AR 


CO.. 


SAUL STEEL Co., 


ASSOCIATION 
FURNACI 


CU 


John Mel 


CoO 


AMERICA, A 
The 
M. Kin Rey 
CO... ING 
CO... A J 
Wi 
cs Pres 
Rep 
~ ( \V é 


BOLT 


ICA, erg, \ President 
NORTHWE HAPTER 
ICK €O., Harold O. Washtl , Supt 
oO... F « sahr, \ Pre 
Mooney, Pres 

Harris 

Widen 


G. Lofb 


ST 4 


D 
H 
G 
Rep 
STEEL CASTING CO 
LL REGULATOR COMPANY, Eri 
An. a 3 Ander 
PPLY CO., I 
Leo, Fr. BR 
Fred Power! 
ie... A..F 
LL CASTING 


Blaine 
CO. 


St 
Minne: 
Minnes pol 
Minne: 
Minne 
Minne 
Minne: 

erta, Ca 

st 


Minne 


M ; 

Co., Albert G. Zir 

ONTARIO CHAPTER 

LTD., A. R. G 
LTD., F. F., Leonard \ 
Deacor 

Pr. Ache n, Tre 

Alfred Oram, 

ooO.. J K e¢ 

CO., TfD., 

LTD.. Ge Wi 
uilw.. M ett 
LTD... Geo. N Wedlak« 
LTD., Heat Treating Dept 

LTD., J. A. Howard 
Johnstone, Supt 

Philip N. C 

Jack 

LTD 

LTD., Jan ; 

SYSTEM, Th g | 


M 
A. ( 
LTD., 
LTD., 
~*~ 
THI 
Ix 


LTD., 


co.. 


PHILADELPHIA CHAPTER 
CORP., G. H. Clamer, Pres frenton, N. J 
cm, m. 2 Rep . Philadelphia 
W. 1ison Chester, Pa 
W Philadelphia 
CO., E. J Wm Philadelphia 
David S. Cann, Philadelphia 
H. B. Gaylord, Philadelphia 


Georg 
Pres 


Dist. Mgr. 





TRANSACTIONS OF 


DELAWARE VALLEY FORGE CO., INC 

DISSTON & SONS, INC., HENRY : j 

EDGCOMB STEEL CO., INC., C. H. Storm .. 

EINWECHTER & WYETH, N. ¢ Einwechter . ‘ aa 

FLORENCE PIPE, FOUNDRY & MACHINERY CoO., J. 

9X GUN CO., A. H., Fred Henke 

LASSE & CO., PETER A., A. B. Mead 

JILMER & GIBBONS, George Bierschen 

{OUGHTON & CO., | | 

JOHN ILLINGWORTH STEEL CO., Clarence Illingworth, 

KEYSTONE LANTERN CO., Nathan H. Davis, Treas 

LEEDS & NORTHRUP CO 

MIDVALE CO., Joseph DeCray 

MORRIS, WHEELER & CO., IN¢ 

NATIONAL ALLOY CO a 

PHILADELPHIA ELECTRIC CO., 

PHILADELPHIA GAS WORKS Co., H. $ 

PHILADELPHIA GEAR WORKS, Robert . 

PLUMB, FAYETTE R., INC., J. W. Nicoll 

POTTS & CO., HORACE A., Arthur L. Collin 

ROWLAND, INC., WM AND HARVEY . 

RYAN, SCULLY & COMPANY, Frederick J. hy) 

SCHUTTE & KOERTING CO., H. C. Woodward 

STANDARD PRESSED STEEL CO., Harry Green 

STEINMETZ & CO., INC aces 

STOKES & SMITH CO., L. W. Findlay 

SUMMERILL TUBING CO anh oe 

TRENT & CO., HAROLD E., Harold I rrent 

WARD’S SONS CO., EDGAR T ‘ hc fel Mieteske iat calttnce 

WIEDEMANN MACHINE CO., Theo. A. Wiedemann 

WIRZ, IN©., A. H.. A. H. Wirz pa arkee 

WOOD IRON & STEEL CO., Alar Hi. ¢ rh 
PITTSBURGH CHAPTER 

ALUMINUM COMPANY OF AMERICA, Fran 

BRAEBURN ALLOY STEEL CORP 

DUQUESNE STEEL FOUNDRY ¢ 

FIRTH-STERLING STEEL CO 

FISHER SCIENTIFIC CO., E. H 

FLANNERY MEG. CO G. R. Gre 

FORT PITT STEEL CASTINGS CO., W i 

HALL AND PICKLES, LTD., C. I L. Mace 

HEPPENSTALL FORGE & KNIFE CoO. ...... 

HOUGHTON «& CO., E. F., David J. Richards 

JONES & LAUGHLIN STEEL CO., H. W. Graham 

LATROBE ELECTRIC STEEL CO 

MACKINTOSH-HEMPHILL CoO., J. 

MESTA MACHINE CoO., L. W. Mesta 

NATIONAL DRAWN STEEL CO. 

NUTTALL & CO., R. D., C. E. Moors 

OLIVER IRON & STEEL CO., James ¢ tea, 

PANNIER BROS. STAMP CO., Geo. H. Hicks 

PITTSBURGH ROLLS CORP., Q. S. Snyder, Vice-Pri 

RODMAN CHEMICAL CO., Hugh Rodman, Pres. .. : 

INION DRAWN STEEL CO., J. D. Armour, Metallurgist 

INION STEEL CASTINGS CO 

INION SWITCH & SIGNAL CO., ¢ . Buenting, 

INITED ENGINEERING & FOUNDRY CO., Robert 

INIVERSAL STEEL CO., H. M. German 


F¢ 
KI 
FI 
| 


ANADIUM CORP. OF AMERICA, B. D. Saklatwalla, Gen. Supt. 
ULCAN ORUCIBLE STEEL CO. 


{ 
( 
I 
{ 
( 
VANADIUM ALLOYS STEEL CO., Roy C. McKenna 
\ 
\ 
WESTINGHOUSE ELECTRIC & MFG. 


RHODE ISLAND CHAPTER 
BROWN & SHARP MFG. CO., P. C. DeWolf 
CROSBY CO., J. D., Robt. G. Ashman, Gen 
HAYES, C. I. J. E. Hines 
SLOCOMB COMPANY, J v 
VICTOR RING TRAVELER 
WASHBURN WIRE CO 


ROCHESTER CHAPTER 


AMERICAN LAUNDRY MACHINERY CO., A. K. Dean 
BAUSCH & LOMB OPTICAL CO., W. L. Patterson 
BURKE STEEL COMPANY, INC., Henry W. Thomsen 
FIRTH-STERLING STEEL CO., Robert ‘’. Kimber 
GLEASON WORKS, Leon Slade 

HIGH SPEED HAMMER CO., iC., W. A. Rockenfield, 
NORTH EAST ELECTRIC CoO., T. Lee, Chief Engineer 
ROCHESTER GAS & ELECTRIC CORP., Edward L. Wilder 
STROMBERG CARLSON TELEPHONE MFG. CO., G. A. 
SYMINGTON COMPANY, John I. Reid . 

TAYLOR INSTRUMENT COMPANIES, P. R. 
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IPVERTISING SECTION 


ROCKFORD CHAPTER 
OLMAN CO 
OL & SCREW CORP., 
MACHINE WORKS, 
OS MACHINE CO 
, LOCK CO., I en 
» GAS LIGHT oe hipple, Mgr 


HENECTADY CHAPTET 


L ELECTRIC CoO., 
‘ STEEL CO., Hl. G 


SOUTHERN TIER CHAPTER 


ANUFACTURING CO., C. | 
rITCHENER CORP., Ge 
WATER, LIGHT & R. R 
ALLOYS CO ; 
L-RAND CO., James 
L-RAND CO., Ward |] 
L-RAND CO., Chas. A 
L-RAND CO., E. J. Smitl 
YY VALVE MFG. CO., THE, 
LE HAMMER CO., DAVID 


S41) 


I 
| 
| 
| 
\ 


SPRINGFIELD CHAPTE! 


\N VALVE MFG. CO 
IELD GAS LIGHT CoO., 1 
M ALLOYS STEEL CoO., 
ST. 
AS TACK CORP., G 
rER STEEL CO \\ 
RY ELECTRIC CO., | 
is MEG OO0.. 1 Ac eri 
VIS BORING TOOL CO., 
NITE CITY STEEL CO., 
ITON & CO., ] os 2 , 
Ek GAS LIGHT CO W 
E STEEL CoO., W. M. Al 
EN & SONS ROPE CoO., L 
RSON & SON, INC., JOS. T., 
ULLIN STFEL CO., H. E. Doerr, 
TrHERN MANGANESE STEEL CoO., 
RD BORING TOOL CO., Hat ; 
SCREW BOLT CO John B 
.ECTRIC LIGHT & POWER CO., 
CARTRIDGE Co., H. S. Spei 
CARTRIDGE CoO., FE. H. Mevers 


SYRACUSE 


OWN-LIPE-CHAPIN CO w Sma 

CIBLE STEEL COMPANY OF AMERICA, 
\LCOMB STEEL CO. ; 

PROCESS GEAR CO., IN¢ 
TRI 

ETTENDORF CO., J. W. Bettendorf, 
EERE & CO., H. Bornstein, Rep. . 
RENCH & HECHT, E. E. Einfeldt 
NTERNATIONAL HARVESTER CO., E 
MOLINE TOOL CO., W. P. Hunt, Pres. 
EOPLE’S POWER CO., George A. Uhlm 
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LLIAMS, WHITE & CO., H. H. Rogers ; can 
LLOW SLEEVE VALVE ENGINE WORKS, INC., I 


WASHINGTON-BALTIMORE C 


LACK & DECKER MFG, CO., Henry W. Kasper 
ARBORN CHEMICAL CO., C. A. Remsen 


\THMANN ENGINEERING CO., Emil Gathmann, Gen. Mg 


STLESS IRON CORP. OF AMERICA 


WORCESTER CHAPTE 


\MERICAN STEEL & WIRE CO., R. C. Helm 
ATH & CO... JOHN. John Bath, Pres. ....... 
ALD MACHINE Co., A. A. Whitcomb, Wks. 
ND-GIFFORD cCo., A. J Gifford 
AN CONSTRUCTION CO., O. W. Johnson, 
rINSVILLE SPINNING RING CO., S. F 
ARCESTER GAS LIGHT CO., J. A. Nixon 
VYMAN-GORDON CO., F. E. Wellington 
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TRANSACTIONS OF THE 
AMERICAN SOCIETY for STEEL TREATING 


Standing Committees 


FINANCE COMMITTEE 
1M. WATSON, Chairman Mempbers* 
llupp Motor Car Corp W. A. Atkins, Indianapolis ’29 a. or I 
Detroit J. B. Dillard, Cleveland ’30 


ATION COMMITTEE 
Members 
W. B. COLEMAN, Chairman ‘ » MeCloud, Detroit ’29 Jerome Strauss, Pittst 
Philadelphia C. Bain, New York ’30 B. F. Shepherd, Lehigh \: 
Kk. F. Ross, Cleveland ’30 \. W. F. Green, Philads 
RAY I BAYLESS, Secy | Cone, New York ’31 (y C. Lilly, Lehigh Valk 
7016 Euclid Ave., Cl L.. Dowdell, Northwest ’31 HH. J. French, Wash.-Balt. ’31 
O. Homerberg, Boston ’31 H. M. Boylston, Clk ’ 


CONSTITUTION AND BY-LAWS COMMITTEE 
Members: 
H. J. STAGG, Chairman ’29 H. E. Handy, Boston ’30 
Haleomb Steel Co  « Matthews, Rochester °31 
O. T. Muehlemeyer, Rock fe 


RECOMMENDED PRACTICE COMMITTEE 


W. J. MERTEN, Gen. Chairman ’30 Members 
Westinghouse Elec. & Mfg. Co. .. B. Case, Detroit 30 J 
East Pittsburgh J. UW. Gibboney, Roanoke ’29 P 

J. EDWARD DONNELLAN, Sec R. S. Archer, Cleveland ’30 G. 
7016 Euclid Ave., Cleveland I. T. Llewellyn, 


JOINT COMMITTEE ON HEAT TREATMENT DEFINITIONS 


J. Fletcher Harper, Bradley Stoughton, W. J. M 


Sub-Committees 


HEAT TREATMENT OF TOOL STEEL 
Members: 
J. P. Grit, Chairman J. A. Succop, Pittsburgh A. D. Beeken, Jr., Pit 
Vanadium Alloys Steel Co W. H. Phillips, Pittsburgh Joseph Taylor, Pittsburg 
Latrobe, Pa. DuRay Smith, Pittsburgh C. M. Johnson, Pitts! 
A. M. Cox, Pittsburgh Frank Garratt, Pittsb 
N. B. Hoffman, Pittsburgh 


RELATION OF DESIGN TO HEAT TREATMENT 
Members: 
A. H. p’ARCAMBAL, Chairman H. J. Stagg, Syracuse G. N. Prentiss, Mi 
Pratt & Whitney Co K. R. Palmer, Reading F, T. Quinlan, New H 
Hartford, Conn. E. E. Chapman, Milwaukee F. B. Lounsberry, B 
G. M. Eaton, Pittsburgh A. L. Boegehold, Detr 


CARBON STEEL GEARS 
Members: 
IiyMAN BORNSTEIN, Chairman J. T. Howat, Pittsburgh 
Deere & Company F. C. McGee, Tri-City 
Moline, I] J. R. Page, Roanoke 


HARDNESS TESTING OF METALS 


Members: 
Ht. M. German, Chairman H. F. Moore H. C. Boynton 
Universal Steel Co. A. E. White R. C. Brumfield 
Bridgeville, Pa. E. L. Wood S. L. Goodale 
S. N. Petrenko H. P. Hollnagel 
H. L. Whittemore F. C. Langenberg 
S. R. Williams J. J. Curran 


4 


*The numerals following each committeeman’s name indicate that his term 
that Committee expires December 31 of the year expressed. 





LDV ERTISING SECTION 


MECHANISM OF CEMENTATION 


rmar \M 
f Technology W. 1. Meh 


HEAT TREATMENT 


Chairman 


WD DRAWING PROC 


W 


METALS DIVISION OF A, 
DATA SHEETS 


HEAT TREATMENT OF 


D HEADING, ROLL THREADING AND HEAT TREATMENT 
OF BOLTS 


ER, Chairman 
r Compan 


HEAT TREATMENT OF LOCOMOTIVE 
Membe 
Chairman M. A. Herzog, Springfield, M 
( ad j H Gibboney. Roano e, Va 
L. H. Fry, Burnham, Pa 
W. M. B 


FORGINGS 


- ° ~~ ° 
Co-operative Committees 
irch ¢ incil, Division of Engins 
ent, U.S. A 
eau of Standards 
XIV on Tool Steels of Com 
ietv of Mechanical Engineers, 
itting and Forming of Metals 
ttee on Springs, A. 8S. M. E. 
1 Committee on Welded Pressure Vessels, 
fety Council, Chain Annealing Committ 
tee on Methods of Chemical Analysis of 
A. S. T. M. on Cast Iron 
etv of Mechanical Engineers, Engineer 
Committee, American Gear Manufact 








TRANSAC 


BOSTON CILAPTER 
Dr. R. S. Winntiams, Ch 















Sie l well She 


Biddeford, Me 












BUFFALO CHAPTER 

Bistiorp CLEMENTS, Chairman, 
Curtiss Aeroplane & Motor (¢ 
Buffalo, N. Y. 

I’. L. WEAVER, Secretary, 
American Radiator Co., 
Bond Plant, Buffalo, N. Y 

J. H. Birpsone, Treasurer, 

Pratt & Letchworth, 
Buffalo, N. Y. 


















CANTON-MASSILLON CHAPTER 

BE. ¢ SmMitH, Chairman, 
Central Alloy Steel Corp., 
Canton, Ohio. 

RoBERT SERGESON, Secretary, 
Central Alloy Steel Corp., 
Canton, Ohio. 

R. L. Witson, Treasurer, 
Timken Roller Bearing ( 
Canton, Ohio. 













CHICAGO CHAPTER 

\. M. StTEEvER, Chairman, 
Creat Lakes Forge 2. 
Chicago 

J. A. Comstock, Secy.-Treas., 
People’s Gas Light & Coke Co 
Chicago. 










CINCINNATI CHAPTER 

G. M. Ewnos, Chairman, 
University of Cincinnati, 
Cincinnati 

N. C. STROHMENGER, Secy.-Treas., 















r1 Tool Steel Gear & Pinion (¢ 
i Elmwood Place, 

| Cincinnati 

: (CLEVELAND CHAPTER 

i \\ H. White, Chairman 







Atlas Division of Ludlum Steel 
Cleveland 

\W ] BENNINGHOFF, Secy.-Treas., 
Cleveland Electric llluminating 
Cleveland 









COLUMBUS GROUP 

S. Z KrumMm, Chairman, 
Buckeve Steel Castings Co., 
Columbus, Ohio. 

G. D. Mogssner, Secy.-Treas 
Buckeve Steel Castings Co., 
Columbus, Ohio. 


DAYTON CHAPTER 
J. B. Jounson, Chairman, 
Chief of Material Branch, 
Wright Field, 
Dayton, Ohio. 
: I M. REITER, Secretary, 
: Dayton Power & Light Co 























} Dayton, Ohio 
i L. H. GRENFELL, Treasurer, 
4 Frigidaire Corp., 
Dayton, Ohio. 
} DETROIT CHAPTER 


Jos. G. GAGNON, Chairman, 
Hudson Motor Car Compan 
Detroit. 

J W ROBINSON, Secy.-Treas., 

Higgins-Bothwell Company, 

Detroit. 
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FORT WAYNE GROUP 

H. B. KNowLtTon, Chairman. 
International Harvester ( 
Fort Wayne, Ind. 

M. W. MARTIN, Secy.-Treas., 
Northern Indiana Publie S& 
Fort Wayne, Ind. 


GOLDEN GATE CHAPTER 
Dr. WELTON J. CROOK, Chair 
Stanford University, 
Stanford, Calif. 

Il. EK. Morse, Secy.-Treas 
Morse Laboratories, 
954 Howard St., 
San Francisco 


HARTFORD CHAPTER 

J. C. KIELMAN, Chairman, 
The New Departure Mfg. ¢ 
sristol, Conn. 

Ht. I. Moore, Secy.-Treas., 
Firth-Sterling Steel ¢ 
Hartford, Conn. 


INDIANAPOLIS CHAPTER 

Kk. J. P. FisHer, Chairman, 
Hubbard Steel Found: ( 
East Chicago, Ind 

CARL J. WINKLER, Acting Cha 
Schwitzer-Cummins Cx 
Indianapolis. 

N. R. Gorsucnu, Secretary 
Citizens’ Gas Co., 
Indianapolis. 

R. S. Situ, Treasurer, 

E. C. Atkins & Co 
Indianapolis. 


LEHIGH VALLEY CHAPTER 
W. L. TRUMBAUER, Chairman 
Bethlehem Steel Co 

Bethlehem, Pa. 

If. V. ApGaR, Secy.-Treas., 
Ingersoll-Rand Co 
Phillipsburg, N. J 


LOS ANGELES CHAPTER 

WabpeE HAmpton, Chairman, 
Hughes Tool Co 
Los Angeles. 

H. V. Rutu, Secy.-Treas., 
Ducommun Corp 
Los Angeles 


MILWAUKEE CHAPTER 

M. G. Jewett, Chairman, 
Chain Belt Co. 
Milwaukee. 

L. J. RADERMACHER, Secy.-Treas 
Kempsmith Mfg. C« 
Milwaukee, 


, 


MONTREAL CHAPTER 

Ropert Jos, Chairman, 
Milton Hersey Co., 
Montreal, Que., Canada 

D. G. MacInnes, Secretary, 
24 Front St., 

Toronto, Canada. 
GorDON SpPROULE, Treasurer, 
McGill University, 

Montreal, Que., Canada 


, 


NEW HAVEN CHAPTER 

T. H. CHAMBERLAIN, Chairn 
New Haven Clock C% 
New Haven, Conn 
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Chapters and Officers (continued 


ROCHESTER CHAPTER 
WATTEL, Chairn 


hester, N 
InvVING C., MATTHEV 
Research Bur 
SEY GROUP Eastman 
Nett, Chairman, Rochester, 
Insured Steel Treating ¢ 


N. d. ROCKFORD CHAPTER 
‘SON, Secretary, R. M. Smitu, Chairman, 
Sterling Steel C National Lock ( 

City. Roekford, Ill 
Treasurer, : R Monks, Secy 
St., 700 Race St., 
N. J Rockford, Hil 


HAPTER NECTADY CHAPTER 
Chairmat! 


l, tO M. 1 SAYRE, Chairm 
tes ib., Union College, 
Schenectady, N. 

COFFIN, Secs 
General Electric 


Schenectady, N. 


CHAPTER SOUTHERN TIER CHAPTER 
Ch rman, 


; I) M Cook, Chairman, 
Bureau of nes, David Maydole Hamm 
Norwich, N. \ 

W. H. OGpEN, Secy 
617 Peoples T1 

Binghamton, N 


DAME GROUP SPRINGFIELD CHAPTER 
}, WILHELM, Chairman | | STRICKER. Chairman 
S Michigan St., : sie aerate Nae , 
Bend, Ind. B perk 
McDrErMorTtT, Secretary, ee ee 
Kk. Howard St., Spi ngfield Gas I » 
Bend, Ind. Satnntie 1d Mone 
J. JOHNSON, Treasurer, ae ; 
Hall, 
eae Babe. ST. LOUIS CHAPTER 
W. D. Tuompson, Cha 


Laclede Gas ( 
CHAPTER I s, Mo 
VER, Chairman, 
Company of Canada 
nto, Canada 
ZPATRICK, Secy.-Treas., 
se age Toca SYRACUSE CHAPTER 
Canada. J. J. Driscout, Chairm: 
Crucible Steel Co 
Syracuse, N. Y. 
ADELPL.iA CHAPTER J. MACKENZIE, Secy 
R. H. Patcu, Chairman, 341 Palmer Ave 
| Houghton & Co., Syracuse, N. ‘ 
idelphia. 
GREEN, Secy.-Treas., ’'RI-CITY CHAPTER 
Steel Corp. of America, Grorce A, UnumMeyer, Chain 
ork City. People’s Power Co., 
Moline, Ill 


’ 


WERSCHEID, Secs 


( onial Steel C« 


St Lo 


CHAPTER 
ARDS, Chairman, ASHINGTON-BALTIMORE CHAPTER 
Houghton & Co K. HERSCHMAN, Chairman, 
ssemer Bldg., Jureau of Standards, 
rgh. Washington 
ALKER, Seev.-Treas., EK. Crown, Secy.-Treas., 
121, No. S. Sta., 727 5th St., 


Washington 


reh., ; 


ISLAND CHAPTER ORCESTER CHAPTER 

. MOREY, Chairman, . E. BicggELtow, Chairman, 
Island Tool Co., Geo. F. Blake, Jr., & Co 
lence, R. I. Worcester, Mass. 

ERSON, Secy.-Treas., G. JOHNSON, Secy Treas., 
ence Gas Co., Worcester Polytechnic Institute, 
ence, R I. Worcester, Mass. 





An Important Drawing Job 


HIS Hoskins Electric Furnace is used by 

Dodge Brothers for the drawing of hot up- 
set machine dies, and hot coin-press dies, used 
on valves, gears and connecting-rod bolts. All 
this work must be held closely to size, so that 
it is imperative that the dies be very resistant 
to wear. To get this long life, the dies must 
be carefully drawn. The treatment varies with 
the alloy, the temperature ranging from 700 
to 1100° F., and the soaking period from 2 to 6 
hours. You always get good heat-treating re- 
sults in Hoskins Electric Furnaces. 


Ask for Catalog 51-RS. 


HOSKINS MANUFACTURING COMPANY 
4447 Lawton Ave., Detroit Mich. 


Originators and Manufacturers of The Alloy that made Electric Heat FO 




















ITEMS 





OF INTEREST 


Items of Interest 


H . FRENCH, until recently senior metallurgist of the Bureau of Stand 
* ards, U. S. Department of Commerce, is now associated with the develop 
nd research department of The International Nickel Company and 

at their research laboratory at Bayonne, N. J. 
French has been active on several committees of the A. 6: B Tt. 
as contributed many valuable technical papers before conventions 


eetings of the society. 


George H. Bierman, formerly metallurgist with the White Motor Co. of 


Cleveland, has recently accepted the position of physical metallurgist in the 
technical research department of the International Combustion Engineering 


ration, 191 Doremus Ave., Newark, N. J. 










John H. Nelson for 11 years chief metallurgist for the Wyman-Gordon 


(o.. has been appointed manager of the W oreester, Mass., division of that 


oo 













npal 





V. 





Carl L. Bittrich, formerly with the General Electrie Co., Schenectady, 


VY. Y., is now associated with the Bethlehem Steel Co., at Bethlehem, Pa. 












For the eighth consecutive year, the industrial gas course will be held 
Massachusetts Institute of Technology, Cambridge, Mass., from June 17 
°° inelusive. The subjects to be covered are insulation and refractories, 
rnace construction and design, combustion, report writing, burner applica 
The cost of the course is $50 which does not include living expenses. 


hnology dormitories may be used for $5 for the five days. 









M. T. Lothrop is the newly elected president of the Timken Roller Bear 


ng Co., Canton, O. H. H. Timken has been made chairman of the board. 







lr. Lothrop became associated with the company in 1911 as a metallurgist. 












W. Manker, sales manager of the Surface Combustion Co., Toledo, O., 


s resigned to acee 


nt a position as assistant to the president of the Great 


Lakes Steel Corp., Detroit. C. B. Phillips has been appointed sales manager 
Mr. Manker. 


Surface Combustion (o., TO SUCEE ed 








Phe Wesley Steel Treating Co.. of Milwaukee, has announced that the 
esent capacity of its plant is soon to be doubled. Two ecar-type furnaces 


be installed, one will be gas fired and the other electrically heated. 


a recent meeting of the board of directors of the E. F. Houghton 








*hiladelphia, Louis FE. Murphy was elected president to sueceed the 
Charles E. Carpenter. A. E. Carpenter was elected first vice-president 


easurer, and George W. Pressell Was elected second vice } resident and 






tary. 


TRANSACTIONS. OF THE 


The Illinois Gas Association has announced the fourth s] 


gas engineering to be given June 17 to 29 at the University ot 
U7 


rbana, Ill, The course will include the necessary rudimentay 
combustion, chemistry, and physics as these subjects apply to the 
use of gas. The tuition is $20. Detailed information may be obta 
Dr. T. EB. Lavng of the University of Illinois or George M. Se] 
the Illinois Gas Association, 205 Illinois Mine Workers’ Bureau. S 
[llinois. 


Thompson Products, Inc., manufacturers of valves and other aut 
parts, are establishing a research division under the name Thom 
search, Ine., at 2209 Ashland Rd., Cleveland. There will be a la 


combining physical, chemical, metallography and automobile testing 


Raymond H. Sievers has been appointed district sales manage 
y PI 2g 


bison-Walker Refractories Co., his headquarters will be in St. Louis 


The American Gas Association in co-operation with the Amerie: 
Furnace Co., has developed a metal alloy that is said to repeatedly 
stand working temperatures in excess of 2000 degrees Fahr. in conta 
molten metal. This allov is used for making retorts for a new ty) 
brass melting furnace in which the usual refractory crucible is replaced 
a metal retort. It is said that with this furnace a fuel consumption 


? 5 cubie feet of gas per pound of brass melted is necessary. 


Dr. W. E. Wickenden, director of investigations for the Soci 
Promotion of Engineering Education and formerly vice-president in « 
of personnel of the American Telephone and Telegraph Co., has been cho 


president otf Case School of Applied Science, Cleveland. 


The Leeds and Northrup Co., Philadelphia, has recently secured 
building which will add approximately 85,000 square feet of floor spac 
its present plant. The new building is to be made integral with th 


one by means of a connecting wing. 


s 


For the twelfth time, Charles M. Schwab, chairman of the Beth! 


Steel Corp., was elected president of the Pennsylvania society. 


H. G. Bateheller, vice president of the Ludlum Steel Co., and presid 


of Krupp Nirosta Co., recently sailed for Germany. 


‘*From Steel Balls to Oil Stills,’’ is the title of a 52-page booklet 
scribing electric furnaces made by the Electrie Furnace Co. Copies may 


obtained by addressing a request to the above company at Salem, O. 


‘*Opportunities for Chemists in the United States Civil Service,’’ 
the title of a recent booklet available from the United States Civil S 
Commission, Washington. 


Illustrations showing the comparative results of exposure of 


(Continued on Page o6 Adv. Sec.) 
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"Metallographic Polishing 


FISHER POLISHER 








SI] tu 
: Dust-proof 
\etor Driven 
st nickel-plated 
my i and : 
la protective 
‘unter balanced ; 
ting housing. 
O avoid 
om i Interchangeable 
| ' ibration 
OUuis. vibt Head 
ner ( 
Weary witl 12-265 
ontar . r ° Y ’ ° ° ° ° 
sak tl: For Various Stages of Grinding and Polishing. 
replaced | niversal Type Motor, operates on 110 volts, 60 cycle A.C.,, 
tion or 110 volts, D.C. Price, $120.00 
7 x . > ‘ T “ T y T 
FISHER POLISHING ALUMINA 
pociety 
it in charg 
been chos 
cured a1 ALUMINA 
oor spac ns | 
the pres 
- for polish No 9 for me Ni 3, for soft 
e Bethlehe y rd steels and dium hard metals metals and for 
hard metal cust iron, bronze, specimens to be ex 
brass and all cop amined under vet 
per and nickel al high magnification 
nd preside loys 
\ clean and most eftective polishing medium, which is carefully 
evigated, graded and chemically treated to the proper degree of 
, 100 cle { " ; Y 
book! uspension, adhesion and hardness. 
pp1les may 
! 0 Grade No. 1 (Makes 50 oz. polishing solution $1.00 oz. 
=> Grade No. 2 (Makes 100 oz. solution) 1.40 oz. 
Grade No. 3 (Makes 150 oz. solution) 1.80 oz. 
pervice 
oer Fisher Scientific Company 
— Laboratory cApparatus and ‘Reagents for Chemistry, Metallurgy, Biology 


PITTSBURGH + PENNSYLVANIA 
IN CANADA, FISHER SCIENTIFIC CO. Ltd., 898 ST. JAMES STREET, MONTREAI 






When writing to Fisher Scientific Co., please mention TRANSACTIONS 
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bearing steel and steel without copper are given in a bulletin issu 
National Tube Co., Pittsburgh. The bulletin discusses the use 


bearing steel pipe. 


The Duraloy Co., Pittsburgh, has moved its Chicago office 


Laflin St., to 608 South Dearborn St. 
The fourth edition of the Columbia Tool Steel handbook is 
distribution. Copies may be had on request from the Columbia T Q} 


Co., Chicago Heights, Ill. 


The Brown Instrument Co., Philadelphia, is making the fourth 


to its plant in eight years. The new building will increase the floor 


of the plant about 50 per cent. 


Quigley Furnace Specialties Co., manufacturers of high-temp: 
cements and protective coatings, has recently moved from 26 Cortlar 
to 56 West 45 St., New York. 


The American Metallurgical Corp. announces that its corporat: 






















has been changed to American Electric Furnace Co. It is stated that 


personnel of the organization, its business policies and standards rem: 


unchanged. 









The Uddeholm Co., of America, Ine., 342 Madison Ave., New York, has 


issued a pamphlet entitled, ‘‘ Increasing the Life of Coldheader Dies.’’ 


THE R. R. MOORE 
FATIGUE MACHINE 


A thoroughly practical 
and reliable machine for 
determining the life of 
metals. Adaptable to vari- 
ous shapes and sizes of 
specimens. 


It has proven its value 
in the laboratories of 
scores of industrial cor- 
porations, government de- 
partments and universi- 
ties. 


Write for our pamphlet 
on Fatigue Testing 


THE THOMPSON GRINDER COMPANY 


1534 West Main Street Springfield, Ohio 
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ADVERTISING SECTION 


FOR THOSE WHO DEMAND THE BEST 


IN THEIR FINISHED PRODUCT 


SIMONDS STEEL 


Toot STEEL 
MAGNET STEEL 


SPECIAL ANALYSIS STEEL 


SHEETS 
BARS 


SIMONDS STEEL MILLS 
Lockport, New York 


a 


VAN ANNAN (0\ 0X (0X (0X OXON ON ON veN 


When writing to Simonds Steel Mills, please mention TRANSACTIONS 
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TRANSACTIONS OF THE 


Employment Service Bureau 


This bureau is for all members of the Society. Want ads will be 
the following rates: minimum of 30 words $0.50; each additional wo: 

This service is also for employers, whether members of the Societ 
Rates for this service are as follows: minimum of 50 words $1.00; each 
word $0.02. Fee must accompany copy. 

Address answers care of AMERICAN SOCTETY FOR STEEL TRI 
7016 Euclid Ave., Cleveland, unless otherwise stated. 


POSITIONS WANTED 


ENGINEER 17, Massachusetts, will consider ne 
connection Mature and diversified plant experience 


S ) 
particular! in textile machine industry Int aed P AND METALL 
mately associated with metallurgical Operations in se rad a ba In ster 

: Chie nis ig: oO plant 
heat treating, IT mat ind = forg hop, and related Heft chemist ie aut I 


' metallurgica rineer fi 
machine shop) practice Have successfully reorgan ! ill L engines 


, cal esting an Osc 
zed and re-equipped heat treating department. Pre . t ing and mict 


ent work cooperating ith all manufacturing depart 
ments for general improvement, solution of specific 


ous and nonferrous alloys 
nstall laboratory Will 
che s or ¢ ‘v1 
troubles and cost saving Perception and resoures i Ist ae ' 
distri ck SS “0 
fulness in correlating design with materials Ad istrict re , 
dress 6-5 “ 


RESEARCH ENGINEER: Metallurgist, age 35, em PECHNICAL MAN with 


ae ! anutactul of high qu 
ploved, desires to make a change 13 years’ exper! the manufactur Regan 


desires position with a grow 


ence covers wmtodomMOtiIVe, stee] works, eriay ron, nal 
enyzineering Excellent rete! 


leable and eleetri steel foundry practice Perma 
nent molding, heat resistant allovs, allov steel and 
heat treat, sand control, physical testing, chemical y 
ind mie SCOple analvsis, ete Address 6-10 CHEMIST-METALLU RGIS 
due to limited opportunity 
had a ver wide experience 
METALLURGIST: College graduate with three years’ both ferrous and nonferrous 
practical experience in sheets and tubes, wishes to laboratory or sales position 
enter alloy steel field. Familiar with steel mill prac inanaged technical departing 


tice Experienced in’ research problems, chemical \ddress 6-35 


POSITIONS OPEN 


rOOL STEEL SALESMAN for Chicago, Detroit and ery line requires a metallurgical chi 
Cleveland territories Must have selling experience, checking receipts of steel, supervise 
one with metallurgical, heat treating, Ol machine and to assist engineering depa t! 
shop experience preferred Stute awe, married = ot steel and its heat treatment Wi 
single, past and present employers, experience in full, enlarge present facilities wher 
ph the number Address 6-45 USSUTTLE rveneral responsibility in) 
materials Must have thorough 
cient experience to show pra 
METALLURGIST Manufacturer in ivy machin ability. Address 


b-o0 


The Clearing House 


For the Sale of Used Equipment 
1 time 2 times 3 times 
1 inch’ $ 4.50 $ 4.25 
Rates per Insertion; 2 inch 8.50 8.00 
3 inch 12.00 11.50 
1There are 12 lines to an inch. A charge of 40 cents per line will be made for 


FOR SALE: Three 4-record Tapalogue recorders and FOR SALE Pyrometer equipment 
two automatic controller boxes with motor. Tem dicators 00-1600 degrees Cent ; 
perature ranges of Tapalogues, 400-1800 degrees recorders 0-1200 degrees Cent 
75-2600 degrees Fahr. and 75-2000 degrees cold end boxes 110 Volt i W 
Temperature ranges of controllers 0-2400 de cating pyrometers 75-2000 degrees 
Faht These instruments are in A-1 condition. Maeulen double range indicator 75-50! 
6-25 ind 70-1800 degrees ahr Adare 








ADVERTISING SECTION 


BOX BULLETIN SUPPLEMENT PAGE I! 









oa a es re 


HMO 


THE 
BOX BULLETIN 






Published by 
General Alloys Co. 
Edited by 
H. H. HARRIS 


“You have not read 
Transactions until 
you've read The 


BOX BULLETIN” 


HUN NE 


When writing to General Alloys Company, please mention TRANSACTIONS 





TRANSACTIONS OF THE A. S. 8. T. 


BOX BULLETIN SUPPLEMENT PAGE II 


N ARE REQUE TI AVOR THE COMPAN BY CRITICISM AND SUGGESTION CONCERNI 


Telegram o able- nA \ TE. S ] E RN" 
yrar iniess ifs dc- 

erred character r 
dicated by a culecble 
sign above or preced- 
ing the addr ess. 


NEWCOM®B CARLTON, rae ic.wt 
The Gling time as shown in the date line on full-rate tclegrams 


od day letters, and the time of receipt at desti nati on as shown n all mesea, 
Received at 2040 East 9th St., Cleveland, Ge “Ti. 


929 MAY 16 
CE89 87 NL=CHAMPAIGN ILL 15 


READERS BOX BULLETIN,TRANSACTIONS OF AMERICAN SOCIET 


FOR STEEL TREATING 7016 EUCLID AVE CLEVELAND 


IH 10 = 





TOO BUSY TO WRITE COPY JUST CLOSING NEGOTIATIONS 
NEW Q-ALLOY 


ACQUIRIN 
MIDWESTERN PLANT FIFTY THOUSAND FEET 
FLOOR SPACE NINE ACRE 


INITIA 
SITE BELT LINE TO FOUR RAILROADS 
SPLENDID POWER HOOKUP 


LABOR © | 


ALL NATIVE BORN AMERICAN LABOR STC 


THIS WILL SUPPLEMENT OUR BOSTON PLANT NOW RUNNING CAPACI] 


STOP THIS DEVELOPMENT OUR MOST POTENT SALES ARGUMENT STO! 


YOU MADE US WHAT WE ARE TODAY WE HOPE YOU ARE SATISFIED 


STOP IF NOT PLEASE HAVE A LITTLE PATIENCE WE ARE EQUIPPI! 


ENTIRELY NEW THROUGHOUT HUNDRED PERCENT ALLOY FOUNDRY 
EQUIPMENTS= 


H H HARRIS. 


Q-ALLOY. POTENT. 


THE QUICKEST SUREST AND SAFEST WAY TO SEND MONEY IS BY TELEGRAPH OR CABLL 


When writing to Gene 3; Company please mention TRANSACTIONS 





ISFIED 


EQUIPPING 


UNDRY 





ADVERTISING SECTION 


BOX BULLETIN SUPPLEMENT PAGE III 





Wrenches, and Why? 


HE above wrenches are part of an 

order supplied to the U.S. Ring Trav- 
eler Co., who bought Q-Alloy wrenches 
because they wanted good clean wrenches 
and knew the best way to get them short 
of buying dies, and going to a forge shop 
was to patronize the one foundry nation- 
ally known for supremacy of practice. 


We have made micrometer frames, too 
and lots of other things which don’t operate 
under heat, but which must be made to a 
precision unknown to other foundries. Is 
this type of practice and Q-Alloy quality 
too good for youP We don’t think it 1s. 


When writing to General Allovs Company, please mention TRANSACTIONS 
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BOX BULLETIN SUPPLEMENT PAGE IV 


Unretouched Photograph 


HIS is a special trade job 
in which each lug must 
be accurately located, free 
trom porosity, and held in 
size and width to very close 


limits. 


You be the judge on the 
nicety of this casting. ‘The 
photographer had the sun be- 
hind him, as is the habit of 
photographers, and the sha- 


dows are au naturel. 


When writing to General Alloys Company, please mention TRANSACTIONS 





ADVERTISING SECTION 


BOX BULLETIN SUPPLEMENT PAGE V 





PEANUT ROASTERS 


- you use peanut roasters, Car- 


burizing retorts, annealing retorts, 
or any other kind of retorts that are 
not good cnough to sult you, let US 


make them. 


There have been a lot of cheesy 
alloy retorts sold for use in furnaces, 
due to the unusual design and special 
foundry methods required to insure 


sound castings. 


It your furnaces can stand better 
retorts this company can certainly 


supply them. 


When writing to General Alloys Company, please mention TRANSACTIONS 
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BOX BULLETIN SUPPLEMENT PAGE VI 





Sheet Carburizing Boxes 


UST part of a recent order for sheet boxes. 

We make the best, of course, and why not? 
Shouldn’t an alloy which has proven its supremacy 
for years in every cast and sheet form be best for sheet 
carburizing boxes, as it is for cast boxes, and shouldn't 
the same manufacturing skill so evident in Q-Alloy 
castings be applied to our welding department? 


Sheet boxes have advantages and hazards. Re: 
duce the hazards by specifying Q-Alloy. 


When writing to General Allovs Company, please mention TRANSACTIONS 
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ADVERTISING SECTION 


BOX BULLETIN SUPPLEMENT PAGE VII 


None answered this; but after silence spake 
A vessel of a more ungainly make; 

“They sneer at me for leaning all awry; 
What! did the hand then of the potter shake?” 


Omar Khayyam. 


EK get quite a kick out of reading the “Rubaiyat”’ 

in these arid days, and in running through it the 
ither evening were struck by the above lines. When 
od Omar speaks of an “ungainly” vessel “leaning all 
awry’ we can only assume that his prophetic vision 
saw the warped, distorted, scaled and burned car- 
burizing boxes of low grade alloys existing (P) in 
some heat treats. 


These boxes, purchased by well-intentioned buyers 
who hoped that they actually could get something 
“just as good for half the price,” are crumbling monu- 
ments which prove that “only the best is cheapest.” 


And we ask with Omar—with a cock-eyed 


eye—is this saving—if so, HOW AND WHY? 


‘EMS Rae 


When writing to General Alloys Company, please mention TRANSACTIONS 
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BOX BULLETIN SUPPLEMENT PAGE VIII 


‘ALIP 


STAND vO UNDER FIRE. 


Q-ALLOYS 


Most Economical and 
Efficient Materials 


For CARBONIZING BOXES 
ANNEALING BOXES 
CYANIDE AND LEAD POTS 
FURNACE PLATES 
MUFFLES AND RACKS 
TUBES AND RETORTS 
CONVEYOR FURNACES 
GLASS ROLLS AND DIES 
ANY PARTS 
operating between 1000°F. 
and 2200°F. 


GENERAL ALLOYS COMPAN 


General Offices 
BOSTON—27—MASS. 


CHICAGO NEW YORK 
3002 Wallace St. CLEVELAND 26 Cortlandt Street 


DETROIT 2281 Scranton Rd. INDIANAPOLIS 


General Motors Building Merchants Bank Building 


CINCINNATI ST. LOUIS 
1620 John Sx. 3314 Morganford Road 


When writing to General Alloys Company, please mention TRANSACTIONS 
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PAN 


’ YORK 


‘tlandt Street 


,\ NA POLIS 


: 


Sank Building 


ADVERTISING SECTION 


This Olsen 


Hardness Tester 


has paid for itself—and it is new 


‘ well-known Link-Belt Company up to a short time ago sent all 
their Chrome Vanadium Pinion Gears to an outside concern for hard- 


ness tests. 


They now use the new Olsen Motor Drive Tester—and this is the 
report :— 


“Checks purchased material. Saves tool breakage. Was for- 
merly done outside. Olsen speeds up production and avoids 
guesswork. Had no trouble and has paid for itself on number of 
tests made and saving of tools.” 


That’s the story. You can profit by this experience, and make sure of 
each piece tested. Get complete details. 


TINIUS OLSEN 
Testing Machine Company 


502 N. 12th ST., PHILADELPHIA, PA. 


Vhen writing to Tinius Olsen Testing Machine Co., please mention TRANSACTIONS 
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ADVERTISING SECTION 


MISCO sgumgges 


The reputation of Misco rolled 
round skid rails and Misco corru- 
gated pusher trays more than just 
fes their selection by Standard 
uel Engineering Company for 
the continuous heat treat furnace 
above illustrated. This equipment 
is now in full operation at the plant 
of Universal Products Company, 
Detroit. 


MICHIGAN STEEL CASTING COMPANY 
DETROIT, MICH. 


MISCO C astings, Bars, Sheets—MISCO Speciaily Designed Cast or Sheet Carburizing Boxes 
MISCO Cyanide Pots and Dipping Baskets—MISCO Retorts—MISCO Furnace Parts 
MISCO Chain—MISCO Trays—MISCO Rivets, Bolts and Nuts. 


When writing to Michigan Steel Casting Co., please mention TRANSACTIONS 
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Exactly 
and Always 


Interstate has made hundreds of 
thousands of tons of alloy steels for 
large users who know steels as well 
as any steel manufacturer. And In- 
terstate constant quality has con- 
sistently met the rigid demands of 
the country’s largest users for 
years. You can depend upon it 
that Interstate precise manufac- 
ture will meet your particular re- 


quirements exactly —and always! 


INTERSTATE IRON & STEEL CO. 
104 South Michigan Avenue 
CHICAGO 


Fnterstate 
Alloy Steels 


Open Hearth Alloy Steel Ingots, Billets, Bars 
Wire Rods, Wire, Nails, Cut Tacks, Iron Bars 
and Railroad Tie Plates 


When writing to Interstate Iron & Steel Co., please mention TRANSACTIONS 
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ADVERTISING 
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SECTION 


ae 


Si implifying 


eat treatment handling 


EAT resisting fixtures 
simplified 


materially 


of PYRASTEEL have 
and improved the 


handling of parts in connection with heat treat- 


ment. In the case illustrated above the 


fears 


are placed between the two PYRASTEEL plates 
and are lowered into the lead bath with the 
plate in a horizontal position, and when the 
gears are lifted from the bath with a chain 


hoist the gears can be 


pulled from the fixture 


one at a time for quenching. 


The value of heat 
lie in the formula alone. 


leadership not only to the 


resistant alloys does not 


PYRASTEEL owes its 
balance of chromium 


nickel and silicon used but also to the correct 


physical structure of the 


assured by 20 vears of 


metal itself—which is 


“knowing how” and the 


best electric steel foundry equipment available. 


Add to this quality of 


the metal the helpful 


service which our engineers are able to give 


customers regarding the 


use of heat resisting 


alloys and you get a conception of the real 
value you get when you specify PYRASTEEL 


The coupon entitles you to a copy of ow 


booklet on PYRASTEEL. 


CHICAGO STEEL FOUNDRY 


Makers of 


Kedzie 


luents wn 


Detroit, 


YRASTIEE 


lor high. temperatures 


COMPANY 

alloy steel for twenty years 
Avenue at 37th Street, 
Chicago, Hlinois 


New York, Philadelphia, 
Indianapolis, Tulsa 


Chicago Steel Foundry ¢ 
Kedzie Ave at ith Stree 


Send me a copy of ye booklet on 


PY RASTEEL 
Name 
Firm 


Street 





City and Sta 
TASST 6-Gray 


When writing to Chicago Steel Foundry Co., please mention TRANSACTIONS 
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CHAR 


CARBURIZING 
COMPOUNDS 


-for 


Clean, Reliable 


and Economical 
Carburizing 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING 
INDIANAPOLIS, INDIANA 





SACTIONS 


ADVERTISING SECTION 


Industrial Box Type 
Electric Furnace 


This type of furnace is used for all heat treating pur- 
poses in which the temperature does not exceed 2000 
F, including carburizing, annealing. hardening and 


drawing. 


It is distinguished by the use of heating elements in 
all six sides of the chamber. It is built in sixteen 
standard sizes, ranging from 12” wide by 21” long to 


30” wide by 84” long, inside hearth dimensions. 


Hevi Duty Electric Co. 


Milwaukee, Wisconsin 


BRANCH OFFICES: 
Pittsburgh New York Boston Buffalo Cleveland Chicago Detroit 
St. Louis Los Angeles St. Paul Montreal, Can., The Holden Co.. Ltd. 


When writing to Hevi Duty Electric Co., please mention TRANSACTIONS 
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pneaias HEAT 
Rif TREATING 
a SALTS 


HOMOGENEOUSLY FUSED 
MIXTURES — ‘No Shrinkag 


These new salts, containing no cyanide, 
supplement our line of cyanide mixtures. 


Yo. l—for drawing and tempering steel at 300-900 R 
Also heat coloring—browns, blue and gun meta 


Melting Point 285°F. 


. 2—for drawing and tempering steel at 600-1000 FB 
Also for gun metal black finish. Melting Poin 
594°F. 

. 3—for annealing and hardening low carbon steel, al 
so annealing of non-ferrous metals; Copper, Bras: 
Nickel Monel, Silver and precious metals, rang 


1100-1700°F. Melting Point 1085°F. 


. +for annealing and hardening carbon tool steel an 
alloy steels at 1300-1700°F. Melting Point 1234 


No loss through decomposition—100% 
perfectly fluid at given heat range. 
No labor for mixing—no guess work. 


Full information furnished gladly 
on request. Trial orders solicited 
for immediate shipment. 


Whe 
ROESSLER &HASSLACHER CHEMICALU 


10 East 40th Street New York, N. 


— 


When writing to Roessler & Hasslacher Chemical Co., please mention TRANSACTIO® 
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7 AP 


26 


“USED 
rinkage 


anide, + ha 

tures. A a 
G il 

at 300-900 i Spheroidized cementit 


\ Magnification 6000 
nd gun metalj 


yee how clearly the constituents are defined, how easily u can see their size, 

4%. shape and relative positions. 

; = + a . ’ 

at 600 1000 I These desirable characteristics are due to the absolute photographic rigidity 

Melting Poir f Bausch & Lomb Large Metallographic Equipment Even under magnifications of 
ver 6000 times a photograph made with B & L equipment will show no evidence of 

vibration or change in focus. 


This long sought for feature has been accomplished by three devices 


irbon steel, a The fine adjustment carries only the weight of the objective and is free 
“4 from the weight of the specimen and from the effect of heat from the 
Copper, Bras¢ illuminant. 


ee The weight of the specimen rests on a sturdy base and pillar which can be 
metals, rang — 2 — ee ee eee ee ee 
Ss locked into position before the fine focusing is undertaken 
A : The instrument itself is hung on springs and set on soft-rubber cushion 
which absorb any vibration to which they might be subjected 


As we cannot possibly give you full information in this limited space we ask you to 


| tool steel an ite for the Large Metallographic Equipment Catalog. It will be sent promptly at 


Point 1234 your request. 

0"; BAUSCH & LOMB OPTICAL CO. 
663 ST. PAUL ST. ROCHESTER, N. Y. 

<. 


gladly 


w York, N. 


NSACTIONS When writing to Bausch & Lomb Optical Co., please mention TRANSACTIONS 
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What Pratt and Whitney think 
of R-1 Quenching Oil 


Hartford, Conn. 4-24-29 


RODMAN CHEMICAL COMPANY 
VERONA, PENNSYLVANIA 


PRATT AND WHITNEY COMPANY OF HART- 
FORD HAVE FOUND YOUR R ONE QUENCHING 
OIL SATISFACTORY IN ACTUAL USE IN THEIR 
SMALL TOOL AND MACHINE DIVISIONS STOP 
THEY ARE NOW USING IT IN QUANTITY STOP 
CONGRATULATIONS 


THE STANLEY P. ROCKWELL COMPANY 


R-1 Quenching Oil carries steel through its 
critical range much faster than the usual 
quenching oils, producing greater hardness and 
better structure. 


Rodman Chemical Company 


Verona, Pennsylvania. 


Carburizing Compounds and Quenching Oils 


2, sie hy wos ane eeasiamesauee ee ab Only abe) lee 700 Race Street 
ee ea ke old 265 Maybrick Street 
Hartford, Conn. .......The Stanley P. Rockwell Co., 66 Trumbull Street 


aii 


When writing to Rodman Chemical Co., please mention TRANSACTIONS 
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IONS 


O make good alley steel requires good 

ferro-alloys. Electro Metallurgical Sales 
Corporation offers a complete line of ferro- 
alloys of high quality backed by more than 
20 years of experience. 

Our: Service Department is maintained to 
demonstrate the proper use and benefits to be 
derived from these alloys. 














CHROMIUM SILICON 

High Carbon Ferro- Ferrosilicon 15% 
chrome (maximum 6% _ _—‘Ferrosilicon 50% 
carbon) Ferrosilicon 75% 

Low Carbon Ferro-_ Ferrosilicon 80 to 85% 
chrome(in grades,max- Ferrosilicon 90 to 95% 
imum 0.06% to maxi- Refined Silicon (mini- 
mum 2.00% carbon) mum 97% silicon) 

Chromium Metal Calcium-Silicon 

Chromium-Copper Calcium-Aluminum- 

Miscellaneous Chromium Silicon 
Alloys Silicon-Copper 

5 . Silico-Manganese 

MANGANESE Sienneateedimean) 

Standard Ferromanga- Miscellaneous Silicon Al- 
nese 78 to 82% loys 

Low Carbon Ferromanga- 
nese 

Medium Carbon Ferro- 
manganese VANADIUM 

Manganese Metal All Grades 





Manganese-Silicon 
Silico-Manganese) 
Manganese-Copper ZIRCONIUM 
Miscellaneous Manga-  Silicon-Zirconium 
nese Alloys Zirconium-Ferrosilicon 























ADVERTISING 


\ n writing to Electro Metallurgical 











SECTION 


Calcium- 
Aluminum- 
Silicon 


Ce of alumina are objec- 
tionable in certain grades of steel. 
In order to flux impurities of this 
nature from molten steel, it is neces- 

sary to lower the melting point of the slag 
in which they are present. This function 
may be accomplished by the formation 
of lime silicate slag. 

Calcium-Aluminum-Silicon forms a thin 
fluid slag which is free to rise out of mol- 
ten steel in the ladle. 

Our Metallurgical Engineers will be 
pleased to explain the properties of this 
new deoxidizing alloy. 


Electromet 
Ferro-Alloys & Metals 


Sole Distributors 


ELECTRO METALLURGICAL SALES 
CORPORATION 


Unit of Union Carbide [id and Carbon Corporation 
Carbide and Carbon Building: 30 E. 42d St., New York 


Sales Corp., please ention TRANSACTIONS 
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Conscientious workmanship 


Plus fine tool steel 


[HE highest degree of precision in 

your shops cannot alone produce 
high-grade tools. It is only when con- 
scientious workmanship is combined with 
fine tool steel that tools of real quality 
can result. If you use Bethlehem Tool 
Steels you can rest assured that, how- 
ever high your standards, your raw ma- 
terials will measure up to them in every 
particular. 


a! 


For many years Bethlehem has made 
fine tool steels to fill all of the many 
different requirements of industry. The 
great fund of knowledge accumulated 
through these years is invaluable in mak- 
ing tool steels that will render the finest 
service. If you make Bethlehem your 
source of supply for tool steel you ar 
sure of a good start toward quality in 
your product. 


BETHLEHEM STEEL COMPANY, General Offices: Bethlehem, Pa. 


DISTRICT OFFICES 


New York 
Buffalo 


Boston Philadelphia 
Cleveland Detroit 
Los Angeles 


Baltimore 
Cincinnati 
Seattle 


Washington Atlanta Pittsburgh 
Chicago St. Louis San Francisco 
Portland Honolulu 


Bethlehem Steel Export Corporation, 25 Broadway, New York City, 
Sole Exporter of Our Commercial Products 


BETHLEHE 


TOOL STEELS 


When writing to Bethlehem Steel Company, please mention TRANSACTIONS 





ADVERTISING SECTION 


Continuous énameling CFurnace 


Bult by CARBORUNDUM 


REG. U.S. PAT. OFF. 


Steel 


IRNACE designed for producing porcelain enamel 
signs. 
‘hem has made Heated by the Carboradiant combustion cham- 


1 of the many ; rc p . 
i ser method—chambers b of Carbofrax—the Car- 
iadueiry. Tha ber methe d- ch amber uilt ¢ Car ft ix—the Ca 
ye accumulated borundum Brand Silicon Carbide Refractory. 
aluable in mak) Capacity equal to that of 6 to 8 batch type fur- 
ender the fines : " 
3ethlehem your naces rer all labor-saving as compared with batch 
1 steel you are type furnace operation above 50% 
ward quality in a . td 
Size of furnace—working space 85 feet long—cross 
section dimensions, 4 feet wide by 5 feet high. 
ethlehem, Pa: Designed, built and installed by The Carborundum 
Company for The Baltimore Enamel and Novelty 


Pittsburgh Company 
Francisco is 


Foundation Furnaces for heating and heat treating. > Malle- 

ne Cue, able Iron Annealing Furnaces. > Continuous and Batch Type 
Furnaces for the porcelain enameling of steel and iron. 
Special High Temperature Furnaces to meet special condi- 
tions. > Ceramic Kilns. 


THE CARBORUNDUM COMPANY, PERTH AMBOY,N. J. 


undum is the Registered Trade Mark of The Carborundiim Compan or its products 


When writing to Th arborundum Company, please mention TRANSACTIONS 
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Like a new combination of metals, a 
molding of patents and manufacturing 
resources can produce entirely new 
and improved opportunities for manu- 
facturing industries—almost overnight. 
@ The molding of research, patent and 
manufacturing facilities and lines of the 
Atlas Steel Corporation and Ludlum 
Steel Company presents the essence 
of many decades of leadership in tool 
and special alloy steels. a It is, at the 
same time, an extension and consoli- 
dation of lines, and an expansion of 
service which will benefit all purchasers 


of tool and special alloy steels. @ = 


When writing to 


Ludlum 


{NSACTIONS 
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THE LUDLUM-ATLAS 
COMBINATION presents 


Augmented research facilities 
Increased mill facilities 

Mere efficient production 
Strengthened lines of steels 
Augmented personal service 
Increased warehouse facilities 
Broader scope of allied products 
Complete lines of tool steels and 
Strauss Metal (tungsten carbide) 
Enduro Nirosta, EnduroWire and 
Nitralloy 


The stability and leadership of both 


companies have been recognized by 


thetrade. =» 8 8 OS 


NIROSTA STEELS 
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LUDLUM STEEL CO 
Watervliet, N. ¥ 


Please send me your latest informa- 
ton on 


Enduro-Nirosta Steels 

Nitralloy and Nitriding 

Die Steels 

Tool Steels 

Streuss Metal (Tungsten Carbide) 


Name 
Company 
Street 


City & State 


When 


ADVERTISING 


A NEW SERVICE TO 
THE METALINDUSTRY ~ 





SECTION 





Ry 
if your product is made of metal— Ag 
There are two ways to improve your manufacturing process — sf 
First: by buying a metal that is better for the purpose. Second: ZS 
by changing the tools, speeds and methods to get the most out K 

Roy 
of the metal and the plant. Y 
You can reduce your costs, improve the appearance and wearing ig 
qualities of your product and increase the output of your plant by de 
securing the correct combination of metals and tools. Ks 
SS Ww 
“SS 
Ludium, with a half century of metallurgical and practical applica- GX 
tion experience, is solving the unusual in metal manufacturing J 
problems every day. es 
Ludlum steels are special steels. The line includes a complete 
range of alloy steels, Nitralloy, Enduro Nirosta—tool steels and e 
Strauss Metal (tungsten carbide). Ludlum specialists will recom- & 
mend a Ludlum steel, the method of working and Ludlum tools: SE 
a combined layout for best results in your plant. a 
This new and unique service is rendered by Ludlum representa- B 
tives everywhere. iy 
> 
i 


Have you received your copy of 
the new booklet? “Nitralloy and a 
the Nitriding Process’—a com- 
plete description with illustrations 
and operating data — mailed on ca 


5 
request g 
We 





WATERVLIET AND DUNKIRK, NEW ¥ORK 


TOOL & ENDURO NIROSTA STEELS tn 


LUDLUM STEEL COMPANY | | \ 
| 
v 


NITRALLOY, STRAUSS METAL Is \ 


ay 


b Leu tr 


G3 3349 


idlum Steel Co.,. please ent n TRANSACTIONS 





are “ess 











TRANSACTIONS OF 


pur SC Continuous Normalizing Furnace 


THE A.S.S8.T. 


for Full Finished Auto Sheets 


This photograph shows 
one of the seven SC Nor- 
malizing units installed in 
1928—keeping the percent- 
age of SC Furnaces used for 
the total production of full 
finished auto sheets in this 
country very close to 100%. 


iting to The Surface Combustion Compa 


For dependable and maxi- 
mum speed production of 
sheets at minimum era 
with the exact physical 
characteristics required, 
even though a change in 
characteristics be required 
from hour to hour of oper- 
ation— there is no furnace 
equal to-this SC unit. Origi- 
PE VIR melt Caer ml lery 
furnace, to meet the require- 
ments of an industry —it is 
now the standard for this 

normalizing process. 


mention TRANSACTIONS 
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Ppa RINGS made from Midvale forged steel 
blanks have that reserve of strength so neces- 
sary in resisting sudden overloads. Specify “MID- 
VALE” Rings and profit by their long wearing 
qualities. 


| 
| 


cC 


THe MIDVALE COMPANY 
NICETOWN, PHILADELPHIA 


rvs 
HOUUUUIUONUUNVNELENUUUAOESULLS UGTA 


Ei 


ACA 


When writing to The Midvale Comp: y, please mention TRANSACTIONS 





TRANSACTIONS 


OF THE 


Hardening tungsten steels 


N the world’s largest plant 

devoted to manufacture of 
poppet valves, SC & H indus- 
trial furnaces have an impor- 
tant share of the responsibil- 
ity for the renowned quality 
of the product. 

Here in an SC&H rotary 
hearth GLO-BAR electric fur- 
nace, valves made of high 
tungsten steel are hardened, 
after annealing, at tempera- 
tures ranging upward from 


2000 degrees Fahr. In anoth- 
er section of the plant more 
than 40 SC &H gas-fired 
oven-type annealing furnaces 
are in constant use. 

Wherever Strong, Carlisle 
© Hammond Engineers are 
called upon to design, build 
and install industrial fur- 
naces, years of experience as- 
sure furnace construction of 
the highest modern standards 
of scientific skill. 


STRON 
CARLISLE 
& 
HAMMOND 


es 


SCGH Furnaces 
are built in all 
sizes of Oven, 
Pot, Continuous, 
and Special 
Types for Elec- 
tric, Oil or Gas 
application. 


SCGH Furnaces 
are made for 
annealing, case 
hardening, ca? 
burizing, forg- 
ing, cyaniding 
lead hardening 
oil tempering 
etc. 


INDUSTRIAL FURNACE MANUFACTURERS + CLEVELAND, OHIO 


When writing Strong, Carlisle & Hammond Co., please TRANSACTLE 


Mention 











Furnaces 
ade for 


ing, Cast 
ing, car- 
ng, forg- 
aniding 
irdening, 
apering 
te. 


OHIO 






















ADVERTISING SECTION 


UT OF OUR FOUNDRy 





HE multiple units pictured above are parts of a pack con- 

veyor furnished by us to one of the largest sheet manu- 
facturers. These parts are made from special alloys designed 
to withstand a continuous temperature of 2000 degrees F. in 
an atmosphere high in sulphur content. Our alloy NA-1 has 
proven remarkably successful in such service. 


The service offered by the National Alloy Steel Co., is in- 
finitely greater than the casting of alloys to resist oxidation, 
corrosion and abrasion. In a word, from the day you place 
your order with us until the castings roll out of our foundry 
to you, we are your foundry with all the resources of its lab- 
oratories, skilled technicians, electric furnaces and equipment 
‘at your command. 


Our present measure of progress is due, we believe, beyond all 
other reasons, to our desire, ability and success in rendering 
a service beyond mere founding. May we have an oppor- 
tunity of bidding on your next inquiry ? 





NATIONAL 





BLAWNOX, PA. 


When writing to National Alloy Steel Co., ple ise mention TRANSACTIGNS 












Te OE OF 








TRANSACTIONS 


Reliable Air Service 


IN ordering air equipment, the engineer looks further than the capacity, 
the test efficiency and the price—for he needs to know all the factors 
of design that will insure steady air pressures under continuous service 
conditions, with absolute dependability over a long term of years. 


The Spencer ‘Turbo-Compressor 


differs from any other equipment used for air service, in many essential 
regards. It is a multi stage, direct-connected unit, with special design 
of impellers, duralumin blades in the smaller sizes, with wide clearances 
at all points and low peripheral speeds in all sizes. 


Furnished for 1, 1% or 2 lb. pressure, 125 to 20,000 cu. ft. capacity. 








Ask your furnace manufacturer 
or write us for the details. 


THE SPENCER TURBINE CO 


~ TURBO ~ 
505 NEW PARK AVE, [ Comprrssors | HARTFORD, CONN 








@ 2830 


When writing to Spencer Turbine Co., please mention TRANSACTIONS 
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ADVERTISING SECTION 








B DISTINCTIVE 
ALLOYS 
FOR RESISTING HEAT, ACID, 


AND FOR ELECTRICAL 
RESISTANCE PURPOSES 












Hot 
or Cold 
Cutting 


& 


Heppenstall Forge & Knife Co. 
Pittsburgh, Pa. 

















FIRE ARMOR 


No. 


ZORITE 








48 ALLOY 


Do not hope to obtain economical 
results in your heat resisting alloy 
applications unless such applica- 
tions are the result of scientific 
thought by alloy engineers who are 
thoroughly experienced and who 
may be expected to understand 
such problems. 







a neal 








Make certain that you are not 
carrying an unnecessarily heavy 


non-productive burden in im- 
properly designed alloy’ parts 
such practice pays no dividends. 


CHROBALTIC TOOL CO. 
DETROIT MICHIGAN 


Offices in large industrial centers 

















HEPPENSTALL FORGE CO. 
Bridgeport, Conn. 


HEPPENSTALL STEEL CO., 
Detroit, Mich. 








Offices in principal cities 











JESSOP’S GENUINE SHEFFIELD STEELS 


Manufactured in Sheffield, England 
Since 1774 


4 
p NS Best Cast Steel (Yellow Label) 
J os Green Label Cast Steel 


Black Label Cast Steel 


SH & t F { Sheet Tool Steel 
Superior Oil Hard’g, Non-Shrink Steel 


Superior “ARK” High Speed Steel 


NT Best Quality Circular Plates 
Special Alloy Tool Steels 


WILLIAM 
JESSOP & SONS, INC. 


Ea t _ 
Main Office: 91 John St., New York : 
163 High St. Detroit...6189 Hamilton Ave. fxvau NEW 


Chicago.. ...1857 Fulton St. San Francisco. .20 Natoma St. TALOGUE 
Toronto, Canada. .59 Frederick St. 


AGENCIES AND STOCKS THROUGHOUT THE UNITED STATES 





When writing to the above companies, please mention TRANSACTIONS 


TRANSACTIONS OF THE 


IRRESISTIBLE | 


PUP ERIE CA BIRD OR Or oe 


MOR SE DRILLS ‘In 1924, with regular high speed 
drill, 1" diameter, we drilled *," deep 
QO Fk C I R C L E C in Manganese Steel Rail, 15% Man- 


ganese, in | hour and 40 minutes. In 


HIGH SPEED STEEL 1928 with CIRCLE C, Cobalt Steel 


Drill, same diameter and in the 
same rail, we drilled 1!" deepin t'» 


s 


T : minutes.’ 
he progressive. manufacturer of 


small tools is an expert judge of **Milling 60° angle slots in spring 
tool steels. We consider it a high steel, regular high speed steel cut- 
endorsement of the qualities of ters gave 50 cuts per grind. CIRCLE | 
CIRCLE C HIGH SPEED STEEL that the cutters gave more than 800 cuts per 
MORSE TWIST DRILL & MACHINE COM- ae. 

PANY is now using this new steel in With these new MORSE TOOLS of 
their special quality drills and cut- CIRCLE C, the ‘*impossible” is just 


ters. They say: commonplace performance. 


WORKS: McKEESPORT, PA 
i t , SHARPSBURG, PA 
DETROIT 


baa £118 


BOSTON CLEVELAND 
PHILADELPHIA CHICAGO 
HARTFORD LOS ANGELES 


When writing to Firth-Sterling Steel Co., please mention TRANSACTIONS 





shins bieiameasdin Lk ee 


1igh speed 
~d >," deep 
15% Man- 
jinutes. In 
balt Steel 
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leepin t'» 


; in spring 
steel cut- 
. CIRCLE ¢ 
D0 cuts per 


. TOOLS of 
le” is just 


ce. 


Mc KEESPORT, PA 
WIRE DIVISION 
2PSBURG, PA 
RK DETROIT 
CLEVELAND 
LPHIA CHICAGO 
RD LOS ANGELES 


ADT I RTISING 


Get the Benefit of 
Disston Quality 


YOOD STEEL is the foundation of the 
Disston Business. 
making steel since 1855. 


Disston has been 


No one can make good steel without good 
materials. Disston has those materials. 


The Disston electric furnaces are charged 
with the highest grade of crucible scraps and 
melting stocks. The making of saws pro- 
duces this scrap, refined to a high degree— 
tool steel to start with. 


It is not necessary for us to give our heats 
iron ore to remove or reduce oxidizable im- 
purities. And better steel is the result. 


We can supply steel that will meet your 
requirements. Our plant and experience are 
it your service. Write us, telling what you 
use or want. Address Dept. 12. 


HENRY DISSTON & SONS, Ine. 


Main Office and Steel Works: 
Philadelphia, U.S.A. 


Canadian Factory: Toronto 


DISSTON 


PPO RDD 


When writing to the above 


SECTION 


ECONOMY 
PRESSED STEEL 


POTS 


Last longer because 
made from %” metal 


Fe a setae slime tas 
your heat treating cost 


IB am les 


BELL « GOSSETT CO 


3000 WALLACE STREET 
CHICAGO 


cA pot for every furnace 


JESSOP STEEL CO. 


MANUFACTURERS OF HIGH GRADE 
STEELS FOR TOOLS OF EVERY 
DESCRIPTION 


Head Office and Works 
WASHINGTON, PENNA. 


NEW YORK CITY 
52 West St. 
DETROIT, MICH. 
2208 Fort St., W. 
CINCINNATI, O. 
13 E. Second St. 
HAMILTON, CAN. 
50 King William St. 
CLEVELAND, OHIO YOUNGSTOWN, O. 
1277 W. Ninth St. 23 E. Commerce St. 
DAYTON, OHIO P. O. Box 2383 


AMERICAN 


‘“JESSOP’*S”’ 


TOOL STEEL 


CAMBRIDGE, MASS. 
292-298 Main St. 
TORONTO, ONT. 

125 St. Patrick St. 
CHICAGO, ILL. 

230 N. Jefferson St. 
PHILADELPHIA, PA. 
1230 Callowhill St. 


1 TRANSACTIONS 





TRANSACTIONS OF THE A.S8.S. T. 


SWEDISH NICKEL ALLOY 


for 
Carbonizing Boxes and Covers 
Furnace Rails and Plates 
Annealing Boxes 
Pyrometer Tubes 
Miscellaneous Parts 


‘Where there is HEAT use SWEDISH NICKEL ALLOY’ 


Swedish Crucible Steel Co. 


DETROIT, MICHIGAN 





ADVERTISING SECTION 


It Will Pay You to Use 


JAV’S HARGUS 


OIL HARDENING TOOL STEEL 


WE ESPECIALLY RECOMMEND THIS GRADE FOR TOOLS REQUIRING A 
KEEN, DURABLE CUTTING EDGE, SUCH AS TAPS, REAMERS, THREADING 
DIES, BLANKING, PUNCHING, FORMING, AND TRIMMING DIES, MASTER 
TOOLS, GAUGES, AND FOR ALL PURPOSES WHERE TOUGHNESS, NON 
SHRINKING, NON-DISTORTION QUALITIES ARE REQUIRED. 


ZIV STEEL & WIRE CO. 


2945-51 W. HARRISON ST., CHICAGO, ILL. 


New Third Edition 
STEEL and its HEAT TREATMENT 
By D. K. BULLENS, Consulting Metallurgist 
ULLENS' famous book covers every phase of modern heat treating practice. It con- 
B tains new data; describes the influence of the factors time, temperature, atmosphere, 
and exposed surface; and gives intormation on furnace design and operation, selection of 


fuels and the quality of the finished product. \ chapter on electrical heating equipment 
has been added. 


564 pages. 6x 9. $5.00. Send cash with order. 
For Sale by 


AMERICAN SOCIETY for STEEL TREATING 
7016 Euclid Ave., Chiediand Ohio 


ITH yey BLAICH 


TOOL STEEL Modern 
| Carburizers 


FINE STEELS Best by Test 


el tLe DL 


CRUCIBLE PROCESS 


CLARITE HiGH 
OILDIE NON-SHRINKING “4 ° 
COLUMBIA specia — Cyanide— 


COLUMBIA EXTRA, e7 All Grades 


Lead Coat— 


For Lead Baths 


Insulite— 


Prevents Carburizing 


COLUMBIA Too. STEEL COMPANY 


A.O. Blaich Co. 


| 5% DETROIT, MICH. 


When writing to the above companies, please mention TRANSACTIONS 





TRANSACTIONS 


NE of the outstanding fine watch- 
makers in the U. S. purchases 
pure gold in large bars; these bars be- 


ing first cold-rolled into convenient 
strips, and then annealed in a gas- 
fired furnace to make them suitable 
for working. Very often, with produc- 
tion at the highest point, gold strips 
to the value of $100,000 are treated 
in a single day. 


Should furnace temperature run too 
low the gold is not annealed suf- 
ficiently to be easily workable. On 
the other hand should the temper- 
ature run too high, or if the atmos- 


$100,000 
in GOLD 


entrusted to the 


DEPENDABILITY 
of 


TRADE MARK 


BRISTOLS 


REG.U.S.PAT,. OFFICE 


Automatic Control 


phere in the furnace is oxidizing 
rather than reducing, a gray tarnish 
forms on the outside of the gold, and 
permanently prevents its polish after 
watch cases are made. This tarnish 
is only removable by use of grinding 
wheels, which wastes a considerable 
portion of the gold. 


It is significant that on this particular 
installation where absolutely no chance 
could be taken, the manufacturer par- 
ticularly specified Bristol’s Automatic 
Temperature Control Equipment, and 
has relied upon its performance im- 
plicitly. 


The Bristol Company 


Waterbury, Connecticut 


When writing to 


The Bristol Company, please mention TRANSACTIONS 











ADVERTISING SECTION 


CUulcan 


TOOL STEEL 






Te al sel 


Exclusively 


Qe 















Special booklets of oH FO) 
each of our twelve 
brands furnished on 


When up against it— 


use “Uulcan 


| 
application. 
| 
| 


"Vana dium ‘Alloys Steel ( 


| Latrobe 





Pe DvaA Aliquippa, Pa. 


the 
ITY 


ntrol 


oxidizing 
ay tarnish 
gold, and 
olish after 
is tarnish 
f grinding 
nsiderable 





An important aid to better results in heat treating 
particular processes by maintaining uniformly correct tem- 
no chance 
turer par- 
A utomatic 
ment, and 
nance im- 


perature of quenching oil. Thousands in use on all 
oil-cooling services. 


The Griscom-Russell Co., - Madison Av 


Gris com-Russell 


e., New York 


Kens Dar 

- ey 

« a - 
wv 
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Vulcan Crucible Steel Co. 
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TRANSACTIONS OF THE A.8.S8.T. 


THE MONOTRON 


Hardness Indicator 


HARDNESS INDICATIONS MADE 
WITH THE MONOTRON ARE 
MOST ACCURATE AND DEPEND. 
ABLE; ALSO MOST SPEEDY. 


Adopted and Used by Discriminating 
Engineers and Manufacturers in This 
Country and Abroad. 


PRINCIPLE AND OBJECT 


The MONOTRON like the Brinell test 
uses Static Pressure. It has a standard 
pressure scale and a special corrected 
micrometer gauge for faithfully measur- 
ing the depth of penetration including in 
hardened steel. This combination yields a 
hardness test that is scientifically correct. 
The object of the MONOTRON is to 
indicate true Quantitative and Qualitative 
values faithfully indicating: 


1. Unit resistance HARDNESS up to 
the ELASTIC LIMIT. 

. To FAILURE POINT in different 
stages. 

3. To measure ELASTIC RECOV- 
ERY. 

. To measure DUCTILITY and 
FLOW. 

5. To measure RESISTANCE to 
CUTTING, etc. 
To measure UNIFORMITY of 
DEPTH. 


The MONOTRON is not the most ex- 
pensive machine to install. Interesting 
bulletin free upon request. 


The 100% Portable Scleroscope has for 
many reasons become indispensable. Is 
in universal use for Hardness Testing, 
comparatively inexpensive, rapid and 
accurate. Send for latest bulletins. 





The Scleroscope alone can be 
used on polished mill rolls, 
etc., tc. 


Interesting Bulletin sent free upon request 


The Shore Instrument & Mfg. Co. 


Van Wyck Ave. and Carll St. JAMAICA, NEW YORK 


When writing to The Shore Instrument & Mfg. Co., piease mention TRANSACTIONS 



























ADVERTISING SECTION 





WE CAN HELP YOU 


If you want to improve your product ask us about the following: 


| 
| 
| 


Carburizing Compounds Furnace Cements 
Cyanide Compounds (for Metal Cleaners 

MADE _ cyaniding) Pressed Steel Pots 
ARE Kwick Kase (for Platers Cleaners 


PEND. cyaniding ) Enamel Stripper 


Lead Pot Carbon (for a 
covering Lead Pots) Detergents and Special 
Cleaners for all 


Tempering Oils 


































ninating Tempering Salts (High purpoess 
in This and Low Temperatures) Alloy Pots 
| Sodium Cyanide (96-98%) Copper & Zinc Cyanide 

CT Rubbing and Finishing Compounds for all lacquers 
1e1] test 
tandard 
nem PARK CHEMICAL COMPANY 
co, Metallurgical and Chemical Engineers 
— DETROIT, MICH. 
. 1S to 
alitative 
5 up to 
lifferent 

ERICHSEN TESTING MACHINES 
ECOV- Standard the World Over 
. For the Determination of the Drawing, Stamping, 
4 and Compressive and Folding Qualities (the ‘‘Work- 

ability’’) of Sheet Metals. 
ry to Know your Metal 
Save time and save money 

TY of 
bata THE BOCK MACHINE CO. 
resting 3618 Colerain Ave. Cincinnati, O. 
has for 
ble. Is 
Testing, 
d and PRESSED STEEL PoTS 





Most Economical for 


Salt, Lead & Cyanide Baths 


Write for Attractive Prices 


The Case Hardening Service Co. 
2281 Scranton Road Cleveland, O. 






Co. 













When writing to the above companies, please mention TRANSACTIONS 





TRANSACTIONS OF THE 


aR aT ALTO | 


illustrations of 


Electric Furnaces 


are shown in this book. It illustrates some of the world’s largest and most 
noteworthy installations and lists some of the numerous products treated 
in electric furnaces. 

PERCU ACM AG ee Um Coo MS ti MC amit Motel tame) 
large oil stills these furnaces are speeding production and making some 
remarkable records for economy of operation, uniformity of results and 
quality of products. 


Send for a copy—no doubt your product is listed or can be handled to 
PURE etc Mt oa ae aa sir aoe 


The Electric Furnace Company 
Salem, Ohio 


Heat Treating Equipment Specially Designed For Any Red@rement 


When writing to Electric Furnace Co., please mention TRANSACTIONS 





ADVERTISING SECTION 


bo HE VICKERS HARDNESS 
TESTING MACHINE 


provides a proportional and ab- 
solute standard of hardness by 
the plastic indentation method. 
There is nothing empirical about 
it. It will test difficult specimens 
such as sheets under .007” thick; 
gear teeth on the working face; 
finished coil springs, etc., with- 
out damage. It is semi-direct 
reading and very fast. 


——— 


Catalogues can be obtained from the sole distributors: 
EASTERN STATES & NEW YORK: 
The Riehle Bros. Testing Machine Coy., 1424 N. Ninth Street, Phila- 
delphia, Pa. 
MIDDLE WEST, including PITTSBURGH: 
Mr. W. T. Bittner, 19 So. La Salle Street, Chicago, III. 
CANADA: Messrs. Williams & Wilson, 84 Inspector Street, Montreal, P. Q. 


Automobile and other Alloy 

Steel Specifications are be- 

coming more and more ex: 
acting. 


It is necessary, therefore, to use the highest grade of 
raw materials entering into the construction of auto- 
mobiles, machine parts, etc. 

In the manufacture of our various metals and alloys, 
we must use, and do use, the highest grade of ores, 
oxides and aluminum. 

Tungsten Powder 97-98% Pure Chromium 97-98% 
Pure Manganese Ferro- Tungsten 


Ferro-Chromium %o Ferro-Titanium 
Ferro-Vanadium 35-40% (1% Silicon) 


Send for Pamphlet No. 2021 


METAL & THERMIT CORPORATION 


120 Broadway, New York City 
Pittsburgh Chicago S. San Francisco Boston Toronto 


When writing to e above « please ention TRANSACTIONS 





TRANSACTIONS OF THE A.: 


ERE’S a new alley — nou-corrosive 
—ductile—tremendously strong— 
will not stain. 


Its remarkable properties are creating 

new possibilities in every field of 

endeavor. It is distinctly different from 
ee s ” * 

present “stainless” materials. 


Enduro Nirosta KA2 steel is immune 
to many agents which attack the straight 


=—IT’S NEW! 
IT MAKES POSSIBLE EVEN 
GREATER ACHIEVEMENTS 
IN AMERICAN 


INDUSTRY 


iron-chromium alloys. It retains its 


sparkling finish indefinitely. 


This steel is ideal for equipment or parts 
where corrosion must be eliminated— 
and for containers and machines where 
durable finish is much to be desired. 


It will pay you to know more about 
Enduro KA2. Metallurgists of any of 
the three companies below will gladly 
discuss your requirements with you. 


= iDYURO 


Co 


RA@ sTE&t. 


(KRUPP AUS TENITIC) 


CENTRAL ALLOY STEEL CORP. 
Massillon and Canton, Ohio 


THE BABCOCK & WILCOX TUBE CO. 


LUDLUM STEEL CO. 
fs 85 Liberty St., New York, N. Y. 


Watervliet, N. Y 


When writing to Central Alloy Steel Corp., mention TRANSACTIONS 


ple ase 





ADVERTISING SECTION 


TO AMERICA COMES THIS 
OUTSTANDING 
NEW STEEL 


NDURO NIROSTA KA2 was 
HK developed by Dr. Benno Strauss 
of the great Krupp works, Germany. 
The companies below, licensees 
under the Krupp-Nirosta patents, 
are now producing it for American 
! g industry. 
Vy! ’ 
‘N Manufacturers, ever eager for im- 


provement, have quickly taken to 


“ 
‘Ss this new, non-corrosive, heat- 


Y resisting steel. 
7 


" You will want to know its possi- 
is its 


bilities in your own business— 


parts something of its peculiar and ex- 
ted — 
yhere 
sired, 


clusive advantages. 

ry . * Tj: Pi 9 4 . . . 
Write for the booklet shown at the Enduro Nirosta KA2 Available in 
ibout a . J _ i 2 Plates - Sheets - Bars - Strips 
san dail right. You will find it intensely Forging Blanks Shapes 

: Seamless Pipe and lubing 


ladly interesting. Welding Rods 


Castings - Wire. 
you. 


— DURO 


KAZ STEEL 


(KRUPP AUSTENITIC) 


CENTRAL ALLOY STEELCORP. LUDLUMSTEELCO. THE BABCOCK & WILCOX TUBE CO, 
Massillon and Canton, Ohio Watervliet, N. Y. 85 Liberty St., New York, N. Y. 


When writing to Central Alloy Steel Corp., please mention TRANSACTIONS 
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A Formula 
tor Value 


LL works of quality 

must bear a price 

in proportion to the 

_[worny\ skill, time, expense and risk at- 
- 7 tending their Invention and Manu- 
facture. Thosethingscalled dear, are, 

when justly estimated, the cheapest. 


A composition for cheapness and 
not for excellence of workmanship 
is the most frequent and certain 
cause of the rapid decay and 
entire destruction of Arts and 
Manufacturers.”’ —Jobn Ruskin 


THE ELECTRO ALLOYS COMPANY 
ELYRIA, OHIO 


Therm alloy 
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When writing to The Electro Alloys Company, please mention TRANSA¢ PIONS 
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x 14 ‘“‘American’’ 


St. 


N 1925, Union Hardware Company 

installed their first “American” 
Electric Furnace. The low operating 
and maintenance cost and improved 
quality of work turned out led to con- 
tinued repeat orders. 17 furnaces are 
now in daily operation and 2 more 


PT Pl PL PLP LPL Liesl siiiiiiiiiiiiieiiiiiiiiiiili sii eiin 


kin have been ordered. firms as Pratt & Whitney, National 
Thev — “The f Cash Register Co., Link Belt, Green- 
n a ae y : - oe ” pent field Tap & Die, Cleveland Twist Drill 
VY lave been very satisfactory and main- = 4nd many others prove that “Amer- 
tenance costs very low. rhe quality ican” Electric Furnaces are a profit- 
of work has been very much improved able investment, pay for themselves. 
and the percentage of breakage lower, Write for Catalog describing pot, box 
due to the uniformity of heating at and high speed furnaces for every 
all times.” purpose. 
A i EI ic F 
merican Electric Furnace Co. 
30 Von Hillern St. : . Boston, Mass. 
FORMERLY 
7 oe - 
American Metallurgical Corporation 
2997 
HVC UNU ENA ESHA SNNUUNLIL: 
RR REO A A LN SEEM RE EN EEE RI IP 
ONS 
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Electric Furnace used for annealing rods, 
Union Hardware Co., Torrington, Conn. 





Operating economy of first fur- 
nace led to orders for 18 more 





American Electric Furnace Co., please mention TRANSACTIONS 





SECTION 
















tubes and bars, at 
Capacity, 14 pounds per KW. 












The experience of Union Hardware 
Company is typical of many other 
manufacturers who have placed repeat 
orders for 1 to 25 furnaces as a result 
of the performance of their first 
“American” Electric Furnace. 


74% repeat orders coming from such 












TRANSACTIONS OF THE 


wy 


OLORADO FUEL AND Iron Co. 


getting BETTER TooLs— 
and more of them! 


HIS Globar Equipped Sentry Furnace (formerly the Eaton) in the 
kes of the Colorado Fuel and Iron Co. is used for heat treating 
low alloy and high speed steel. Their report is “ We find we get more 
and better tools—cleaner, more comfortable working conditions 
amply fulfills our expectations in every way.” 

Globar, the Non-Metallic Heating Element, gives them just the 
temperature range required in heat treating such alloys. 

They get a maximum production for a given space. 

Minimunr temperature gradient between the Globar Elements and 
the charge eliminates the danger of burning the steel. 

Globar is making possible “ More and better tools.” 

And remember the Globar Element is so easily replaceable— just 
a matter of a few moments to put in a new one while the furnace is 
still in operation. 


GLOBAR 


Reg. U.S. Pat. Off. 


Non-Metallic Heating Elements 


yr? 


GLOBAR CORPORATION, NIAGARA FALLS, N. Y. 
A SUBSIDIARY OF THE CARBORUNDUM COMPANY 


fr Globar is the registered trade name given to non-metallic electrical heating and resistance 
| materials, and to other products of Globar Corporation, and is its exclusive property. , 


le 


When writing to Globar Corporation, please mention TRANSACTIONS 





































ADVERTISING SECTION 83 


» New 
. E Air DrawingOven | 
S— This fan improves i 
re quality and doubles 
production. 


40 min 
rouples in Oven 
NTT 


~ 
° 
3 
2 
oe 


spew 


















re 100°F «200°F + = S00°F. 00°F 500°F 
' 
This chart was obtained with a 4-point tem- - 
perature recorder, with thermocouples 
he located at widely separated points 1n_ the 
oven. Note that at point ‘“Z’’ on curve’ B”’, 
the temperatures of the four points are prac- 
tically identical—the ideal condition for high- ' 
quality tempering. Note also, from curve 'B” | 
rn that the drawing temperature of 500 degrees ts 
F, is reached in less than one-half the time ; 
required when no fan was used 4s in curve 
hi 
ist Although electric heat HE G E : d : : I . tst di d 2] 
7" wat ok “ae 2 new G-E air drawing-oven is the outstanding develop- 
other forms of heat for ment to date in steel-tempering equipment. There is 
penne nothing like it, in its price range, on the market. 
there are processes in ® 
an eae eee, It is surprisingly simple in construction and operation. Built 
isthe idea eat—the - : : ° 
nx. cee deo of thoroughly high-grade materials, incorporating the most 
the heat that ulti- modern and simplified of G-E control equipment, and utilizing bs 
meny ae ee Gees. the famous G-E Helicoil sheath-wire heating units—this oven be 
will give years of dependable service. And it will pay for itself i 
by improving the quality and speeding the production of 
your tempering processes. 
; my Yet withal, it is surprisingly low in price. Ask your nearest 
IN EVERY INDUSTRY G-E office for complete details. 


JOIN US IN THE GENERAL ELECTRIC HOUR, BROADCAST EVERY SATURDAY AT 8 PMs. 
E.S.T. ON A NATION-WIDE N.B.C. NETWORK 570-96-C 


GENERAL ELECTRIC 


GENERAL ELECTRIC COMPANY, SCHENECTADY. NEW YORK 

















When writing to General Electric Co., please mention TRANSACTIONS 


TRANSACTIONS 


HUMP 


Hardening 


Exact 
Control 
Gives 
Better 
Structure 


‘The Shefheld Machine & Tool 
Company, Dayton, Ohio, makes 
gauges on contract. “Their cus- 
tomers’ reputations depend to 
no small degree on the accuracy 
and quality of these gauges. 


Exactly the structure required for 
best service in constant use is 
secured through HUMP Hard- 
ening, and this maker continues 
to get it in gauge after gauge, 
load after load. 


The HUMP locates the criti- 
cal point in the steel and helps 
determine the proper distance 
above this point for quenching. 
Also the rate of heating and 
the furnace atmosphere are un- 
der complete control. 


OF 


THE A.S.S8S.T 


Catalog 90-S gives details. 
May we send it? 


LEEDS & NORTHRUP COMPANY 
4901 STENTON AVENUE 


PHILADELPHIA, PA. 


When writing to Leeds & Northrup Company, please mention TRANSACTIONS 
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INDEX TO ADVERTISEMENTS 
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TRANSACTIONS OF THE A.S 


Pro -tec- tion 


According to the dictionary “PROTECTION” 
is the “PRESERVATION from 


Loss, INJURY or ANNOYANCE.” 


Wwe EN the 


Pyrometer 
Protection Tube 
fails the thermo- 
couple wires break 
apart, causing Joss 
of time, injury to 
thermocouple and 
annoyance to the 
furnace man. 


You are protected 
against loss, injury 
and annoyance 
when you use 
“Nichrome” 
Pyrometer Protec- 
tion Tubes. They 
are tested under 
100 lb. pressure be- 
fore shipment to 
assure you of 
safety. 


Your instrument maker can probably supply you. Most of 
them carry “Nichrome” Die Cast tubes in stock. “Nichrome” 
Die Cast tubes are manufactured only by Driver-Harris Co., 
Harrison, N. J. 


Nichrome 


cE. PYROMETER TUBES 


When writing to Driver-Harris Co., please mention TRANSACTIONS 





jor HIGH 
T EMPERATURES 


N hundreds of installations where 

heat resistance was the chief 
factor in determining the alloy 
castings to be used—Fahrite was 
chosen. It had proven its worth 
through more “heat hours” of 
service under test. 


srotected 
Ss injury 


»yance 


u use Now Fahrite has become the 

ome standard of comparison for alloy 

Protec: castings for use in high temperature 

s. They installations. 

1 under 

soiian ae If yours is a problem that requires 

sald a castings for this purpose—let Ohio 

ee ao Engineers, Patternmakers, Foun- 
drymen and Machinists carry it 
through to completion for you. This 
is your assurance of complete 
satisfaction. ee 

An interesting assembly of 

Bulletin F-11 explains and il- Pehrite Castings going into 


lustrates many of the varied uses of So eee 
Fahrite. Write for it today. 


THE OHIO STEEL FOUNDRY CO. 


‘SPRINGFIELD, OHIO 
SALES OFFICES Fiants in 


Houston—410 Union Bank . 
a Bivd. tele Bldg. Springfield 


‘ulaa—422 W . 
t eoples Gas Bldg. Lima 





Tube Annealing Furnace 


ee above picture shows the application of the Béllis Electric La: 
> yee to annealing seamless steel tubing in lengths up to twenty 
ve feet. 


The uniformity of the annealing and freedom from scale are 
portant in improving the quality and lowering cost.in manufacturing 
this tubing.. This furnace heats 2,000 pounds of tubing per hour in 500 
pound lots. 


The Lavite Annealing of these long tubés was not possible in ; 
fuel-fired furnace, but this method of erating heat electrically righ 
in the bath overcomes the difficulty of heating a. rectangular. pot to the 
high temperatures required. 


The automatic contro] is on the primary side of the transformers 
so that the current is on until the annealing temperature is reached 
when it is automatically cut off. Consequently no more heat is used 
than that actually required to heat the work plus that necessary to hold 
the bath at equilibrium temperature. “This same size furnace can b 
arranged to give even greater production by increasing the power input 
The excellent heat insulating makes for-econoniy and comfortable, clean 
operating. Better physical properties can be obtained by this annealing 
because of the. exact attainment of desired temperatures. Not only i 
the tube uniformly heated throughout,:but. different lots heated at dif 
ferent times can be given exactly similar treatment. 


This type of furnace can be used for practi all annealing operat 
of ferrous or non-ferrous mat including : 


nel Stainless Steel 
Alloy Steel Chromium Steel - 
Nickel Silver High Speed Steel 
Nickel Chrome Low Carbon Steel 
Chrome Molybdenum Steel 


Mo 


The Bellis Heat Treating CO. 


- BRANFORD °i- CONNECTICUT 
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Brations 


Brass 
Nicke 
Silver 
Copp 





